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m 1 ©^0^(D$s#7t^^ci. ^w\m--hm\z^ m^^m^t. MytcdhM^i^i 

^itz^ 1 IEp* -X*X b>X^. iS5lH](7)|g 2mb>x^. mziEi^yX(DZi^<o 
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y(Dm^ ^m^-t ^zt^ t-t^h(ox^^o 

0.30<f,/Ih<0.90 (10) 
-0.75<f2/Ih<-0-l •••(3) 
0.70<f3/'Ih<2.00 •-• (11) 
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0.1<f,/f<0.4 6 •••(9-3) 
-0. 7 5< f 2 /f <-0. 2 9 • • • (12) 

0.40<f3/f<0.85 ••• (13) 

-0. 5<(r2r+r2r)/(r2f-r2r)<0. 98 ••• (1) 

0. 0 i < r ,r/r zf< 0. 7 5 • • • ( 2 ) 

/iffL. r 1 IEU>X0Milffi(7)7ttt±tt^¥ll> r ztltm2M.UyX(D 

-0.75<f2/Ih<-0.1 •••(3) 
tztiL^ fz «m2mi->X(D^.;SfJBM. I hC«;*;{ti^-r'fe^o 

-5.0<f2-3/f<-0.1 ...(4) 

/i/-fL. f2-3 itm2ni-yxtm3iEi^yx(D^mmmm. fci^mo;^.^ 

-0.8<f2/f3<-0.1 •••(5) 
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• • • (7) 

10°<a<40*' •••(8) 
0.1<f,/f<1.2 ...(9) 

. miIEb>X\ m2mb>X. |g 3iEb>Xc^)iE(::Sem$ti. <X(7)^#iC^i^ 
1 . 5 < d/ ( f • tan 0 ) < 3 . 0 • • • (21) 

fz tzL. d tiis#7^^m (Dm^^m^^t^^ mm t -e OT^ii (c?^ ^ r ^ /-c sen 
m2(omn(oho \-^(D%^^t^^m±^ 'mwrnti-h. m^^W:^. mm^^M 
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-5.0<f2-3/f<-0.5 (22) 



0. 1<f,//f<0.55 (31) 

. (XcD^i^^^mtz-tzt^'^mt-t^i.cD'e^^o 

1. 0< (r,r+r,r)/(r,r-r,r)<l. 7 ♦ • • (32) 

tzfz r ^fUm imuy xomwrnmrn^'^i^ r , ^ ti^ i ie u > xo^fflijft^ 

-0.55<f2/'f3<-0.1 •••(41) 

tztzL^ fz (,tm2M.\^yx(DmMm. f 3 itmziEi^yxiDMj^M^x-^^ 

o 

^\^^^fzm 1 lE^ — X;?7X b>X\ m 2 Mb >X\ ^ 3 lEU >X(7)JilIlciBg$n 

. <X(D^i^^^mtzirzt%:!^W^t-t;^i,(DX-^^, 

-2. 0< (r3f+r3p)/(r3r-r3r) <0. 85 • • • (42) 
0.1</S3<1.0 ••• (43) 

fztzL. r 3fti^ 3IEU>X(^Ji^#jiM(^7fe$i±tt^¥tS. r 3rti^ 3 IE Ix >X 
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-0. 3 5 < r ,r/r 2f< - 0 . 08 • • • (61) 

-1. 5 < r .r/ r 2r< - 0 . 75 • • • (62) 

/c/f r ^Atm 1 iEU>X(D«JJM(^7fe$6±ft2p^|l, r ^rCi^ 2 M U >Xc7) 

0 . 2 < r 2f/r 3f< 3 . 5 - • • (63) 

still other objects and advantages of the invention will in part be ob 
vious and will in part be apparent from the specification. 

The invention accordingly comprises the features of construction, combi 
nations of elements, and arrangement of parts which will be exemplified 
in the constrution hereinafter set forth, and the scope of the invention 
will be indicated in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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0 6 1 itmmm 3 (7)MPgmit^;t-^:iiBt(7)ii)^^0T-^^<. 

0 6 2 l^tmrnm 4 (DM|5g^atl;^-&MB#OiR^0-r-^ -So 
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me 7 itmmm i (Dmmmmf^^mm(D)^mmx-^ 
0 6 9 itmmm 3 (DmmMmf^'^Mm(Di^mmr-ii>^o 

mmx-^^o 
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(oiEmm. mmm. ^(Dmm^^^(Dmmmx^So 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

m 1 (Dmmizis\.^x±m(D^^fmm^t':>tzm^ti'¥m^\^ATizmm-t^o 

/■c^Sm. lyyX^m.^3:^xmmLtZo UyXf^m^A^\>A±l:iirn(,t^<^lz^ 
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. 1^ 1 IEb>X<>:m2mb>Xi:(Di..ilPBlPi^/h$ < LT-y'->'-:h;b»li^:6^^;'v 
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-0. 5<(r2f+r2r)/(r2f-r2r)<0. 98 ••• (1) 

tztzL. r 2Titm2n\^>X(DmmMm(D^m±^m^m^ v ^Atm2%vyx 
■t^^m \^\yyx\z^^A^m.^m.mzWiiEx^tx.i t^v)^ tpe©- o . 5 

^^t^ m^iIlitM(o%Wim<DM<t^^n\<oMo:>^-^'rf—h^^<t^y)ir§x^ mm 

^m^mtmitLxi.^^, 

0<(r2f+r2r)/(r2f-r2r)<0. 95 •••(1-1) 

L < li. }!Ko:>^^^^mfzir(Di)^^\,^o 
0. 3<(r2f+r2r)</(r2f-r2r)<0. 8 ••• (1-2) 
*fc. ^ 1 iEU>X(7)M'J(7)M7i^3Si>iE^W-^t#o/ci6. <^^(Z)MT'$)-I.^2 

%i^yx(Dmwm<omxj^mxm^^)}^mzm.^miEir^(Dtm^ li>o ^kt)^: 

0. 0 1 < r ,r/r 2f< 0. 7 5 • • • ( 2 ) 
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m^w-^^5^< T^j: o-r^. Miiiijci^'ct^-r L^t^. TPS© 0 . 0 x^m^^t 

0. 0 5 < r r 2f< 0 . 6 - • • (2-1) 

0. 1 < r ,r/r 2f< 0. 4 • • • ( 2 - 2 ) 

ifitz^ m2%\yyx{tm 1 jEi/>xim3iEi->X(Z)4>rBit-iEg$tiTi>^(D 

-e. i(D/x''7-<lrMt:)!](c:i^^LTi37{)^/<i;i^^. i^SIE U vXcDJjX^^^^^Amfi^t- 
-0. 75<f2/Ih<-0.1 •••(3) 
fc/fL. fa «m2mb>XO^;^Jg|i. I h^i«A#^gT*^,>5o 

(3) (D±M<D-d. \ ^m^^t^ ^2ni^yX<DJ-^^-i}^^-^< 

^■^m^^w.-t^m-^^t^ ^^sf#>^f^s<^¥^-eS)i9. gi#^#^^iio^{im 

t^J: i5$f i L < Ci . cD^f^iC ^ ^ /c -r <7) J; I ^ o 
-0. 6<f2/'Ih<-0. 25 (3-1) 

-5.0<f2-3/'f<-0.1 •••(4) 
/•cfcL. f 2-3 ti^2mu>X^m3iEb>X(D-^j55^.i^SgM. f 
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m^(Dxmn^ti^^-:><tjiY)-t^^ Tm(D-b. o^m^^t^ n.^^^-mM< 

-2.0<f2-3/f<-0.3 •••(4-1) 
-0. 8< f E /f 3 <-0. 1 • • • ( 5) 

o 

^O^f^^it ( 5 ) c7)±|5g(D- 0 . UTPg(7)-0. 8{5itii)^g^^.J:. f^^fe 
-0.5<f2/f3<-0.2 •••(5-1) 

ztt<x^^ <X(o^i^^^mz-r(Dtimi^L\,\ 

0. 01<| (r3fs+r2fa)/(r2rs-r2ra)-l|<100 

• • • ( 6 ) 

tztzL^ rzfs {i|l2mu->X(7)J|^#ffliJSlc^St'l.3^tt±cOEte^^tS. r 2r. ti 
^2mi->X(7)tlMMo^P^M<^#Ji;L/ite^¥tl©*. T^^^^ISHl^T-ft 
^'fb L /ch t fit -e -1) „ 

ZZX^ I^M^^ML/cffis^^l^r ASP (i. I^M^giC^f (y) t Ltz 

fasp =y • ( 1 +f' (y) M /f ' (y) 
/■c/cL. yitj^mt^<b(DM^. f (y) ti f (y) (D—mU^tir^„ 

z(Dm^^ (6) (D±i5g(D 1 0 o^m^^t^ 0mm^)]mt^%%< ^^^-t^xm 
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13. b > X(^j[)OX*^*|| L < t^j: o T L * O o 

0. 05<| (rzf, + r2fa)/^(r2fs-r2ra)-l|<5. 0 

• • • ( 6 - 1 ) 

0. 1<I (r2r»+r2fa)/(r2fs-r2fa)-l|<3. 0 

• • • ( 6 - 2 ) 

0. 01<| ( r 2rs + r 2ra ) / ( r 2rs - r 2ra ) - 1 I < 1 0 0 

• • • (7) 

^m^^t. ^mm^mt^^<tjiy)-t^xmiEm\nztj:y)^ m^^^^^itir;^t^ 

0. 05< I ir Zrs + r2ra ) / (v 2rs "Tzr. ) "1 I<1 0. 0 

• • - (7- 1 ) 

0. 1< I (rzrs + r2ra ) / (Tzts "Tzpa ) "1 l<5. 0 

• • • (7-2) 

mwi^MLx^^ Kii^i^^^jin^xAmir^t. mw^^^tm^mm^xm^ 

1 6 



1 0° <a< 4 0" • • • (8) 

15°<a<35"' •••(8-1) 

17.5°<a<25° •••(8-2) 

0.1<f,/'f<1.2 •••(9) 

tji}s0^L<it. <X(om^^^mtz-t<Dib^^\,\ 

0.2<f,/f<0.7 •••(9-1) 

0.25<f,/f<0.5 •••(9-2) 

^fz. mi (Dmm(om(Dm^mm.izis\,^x. 7a> h^ocDit^tcr. is^tT^ 
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. ^3 \^ y x^mxi^m^i^m. mmmcDm^^m^xi^^o 

0.30<f./Ih<0.90 (10) 
-0.75<f2/Ih<-0.1 •••(3) 
0.70<f3/Ih<2.00 •••(11) 

(.tm^iEu>x<DM}^mm. i hi,tm:kmMx^^o 

0.1<f,/f<0.46 ••-(9-3) 
-0.75<f2/f<-0.29 -••(12) 
0.40<f3/f<0.85 -•• (13) 

tztzL. f . itm\jEi^yx(DMmm. fz itm2n.i->x(Dmmm. fa 
^tm3iEi^yx(Dmmm. f it^^omMmx^^o 
^#5^ (10). ( 3) . ( 1 1 ) ti. ^ti^n(Duyx(Dm^.mM^mi^m 

ml hxM^Ltzii(Dx^^o 

^j^iC ( 1 0) ci. mm(D^-( x^mm^z^ ^tz.^mifrti^mow \ lEi^yx 

(DMUfftJ^:. i\m^^'7>Xtm^^^. ±m(Dmmitt^X^SJ;:oizl^'^.Ltzh 

(Dx^<o^ ^f^^ (3) . ( 1 1 ) ti. ^(D±x(Di^mmsE=knofzisb(Dm2n. 
b>x\ mBiEvyx(Dm^ti^. (1 0) tm\:: <mi^mm^mmizL 

X-^isbtz^i^X^,^, 
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( 1 0) ^3^^l^T. -rmm(Do. 3 o^m^^t. miiEi-yxx-m^ 

ffi jE±^7* L < . ±|5gfii^ 0 . 7 5. Xti. 0. 7 0 .h-r-i.^^ 

^{^iC ( 3 ) l-ibH^T. iiTPfiO- 0. 7 5>-0. 1 ^M;t'i><h. ilX^liiE 

^{^f^xt (11) d^H^T. rmmcDo. 7 0 03 jeuvx 

( 1 1 ) $ ^.(zTPSfii^ 0 . SO.XCi. 0. 9 0^-r'i>^ 

( 9 - 3 ) . (12). ( 1 3 ) li. ^tl'etKD V yX(Dm^^ 

m^'^^.(omm^wxm'^ l o -t? * ^ o 

^{^5t ( 9 - 3 ) Ci. ,IS#7t^^.(^^/c:-l>;S^fr;^^^ 1 IE b >X(3MJi$ -tf-l' 
<l<i:.mP*L. ^{^1^^ (12). ( 1 3) ti. -eo±-ecDi|X^liiE^tf 
2mb>X. ^3iEU>X(D®^;^;^^i6/c^{4^T-^^„ 

^^^^ y 7.^^±XK^^o 

( 9 - 3 ) {z.is\.^x. Tmmco 0 . 1 ^m^^t. m imi-yxxm^ 
h ^-(yizLx±m^mmir;k>^mtm<u^o 

$ ^ic. ( 9 - 3 ) (DTPgfi^ 0 . 2.Xti. 0. 2 b t-tSt. i\>L^ 
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i\ 2) ±ym(D- 0. 7 5.-0. 2 9^m^^t^>\m 

> ^ 0 . 3.xci. -0. 2 \ ti-^t^ iiRmmiEmi^^'p-t< 

^f^sC (13) ^zfcl^T. Tmm(D 0.40 ^^Sx.'l.i. WSJEVyXcom^ 

( 1 3 ) l^^5l^T. $ "^t^TPIfii^ 0 . 6 0.3^ti. 0. 7 0^-r^^ 
cn^O^l^iC ( 1 0) . (3). ( 1 1 ) . :5^t>\ (9-3). (12). 

(13) ^mm^m^i^x ^ *fc. m%^\.tzm^^ ( 1 ) ~ ( 9 - 2 ) © 

^j) ^ ^ i6 ^ i <h t >!) o 

tlt)^\p\±-t^(D[tm<^ti-X^^tK \^X\yyXtm^^^t[z.X^^ vyX(DW 

2 0 



^mi)<mwmiz^m:Lfzo mi^miiLm.^mi^mi^M< tji^^^izi^yxo^-^^- 

^ o 

1 . 5 < d/ ( f • tan 0 ) < 3 . 0 • • • (21) 

z(Dm^^ (2 1) (D±m(D3. o^m^^t^ ^mt^i^^<fJiV)-t^/\^mit 
^x'\mti^'^itLtz<o^ i^ji. mfBmm^<^^<o-t§. mil. m.^ALX7b^Lm< 

tJi'^fz'Oir^^ 

1 . 8 < d/ ( f • tan 0 ) < 2 . 8 • • • (21- 1 ) 

2 1 



r?T. 'iF.(D%.i^^^mz-t>\m-h^^^^ 

- 5 . 0 < f 2-3 /f <- 0 . 5 • • • (22) 

^(^^{^it (2 2) ©±pigo-o. ^^m^^h. m.'mhm:.t>^^<.u^-t^x 

{tM^oAI*^JK*^t-:?< O-rg'. TPg(D-5. 0^^;i^<i:. MiS^m;6^*il 

^'.tijjj^ U < ti. '<!K(^M^^^'mz^(Dt^X\.^, 

-3.5<f2-3/f<-0.8 (22- 1 ) 

-2. 0<f2-3 /f<-0. 9 • • • (22-2) 

^fc. il3t^-f 7°^ffM-r^/ii6(::Ci. 2 ^lE b vXcDcj^f?)^ 1 IE b >X 
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0.1<f,/'f3<0.7 (23) 

o 

^ c^^^^it (23) cD±pgcD 0 . 7 -i. <!: . m.mh^i)^'h^ < ^d: 0 ^S;6^ 

0.2<f,/'f3<0.58 (23- 1 ) 

-0.6<f2/f3<-0.1 (24) 

o 

dcO^l^^iC (24) (D±pg(D- 0 . 1 ^®^^<h. ^2m^>XcD/^°7-;6^1g 
<^d:^7i^. mZ^\yyX(DJ^V-ti<^<t^^-t§X^ ^^cMit^Jl3m*M^$ < ^cC^ 
■r^S*^*;^t < T^cfc-So TPg(7)-0. 6 ^^g^-Si. ^ 2m^>X(Z)/N°7-;i>>*§t< 

-0.5<f2/f3<-0.15 ♦•• (24- 1 ) 

2 3 



1.45 < nav, < 1 . 7 0 • • • (25) 



:L(D^{f^^ (25) (D±.m(D 1.70 ^m^^t^ ffiax h ^mm.x-^f^< 

1 . 5 < nav8 < 1 . 6 5 • • • (25- 1 ) 

1. 0< (r,f+r,p)/(r,f-r,r)<l. 7 • • • (26) 

tztzL^ r , f tim 1 IE b > xcDmwm^^&m&^m^m. r , r i ie u > x<D#tj 
c (om^^ (26) (D_hi5g(D 1 . 7 ^^g^ ^ <b . mM&^i^w 1 IE b > X(Dmm 

1 . 1< ( r ,f+ r ,r) / ( r ,f- r ,r) < 1 . 6 • • • (26- 1 ) 

*/-c. <-r^tz!i>izmm)]^^ih-rizi,t^ m iiEu>x-t?ci^(.>iE 

0. OKI (r,s+r,a)/(r,s-r,a)-ll<100 

• • • (27) 
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Ti-ESL/c^p^M^^i^Lz-cft^^^r ASP (D^co^^m^mmp^r-^T&m^m 
w-mt^<bjftmMni5iP\^iEtLtzt^(Dm'^(Dmm (y) tLtzt^^A 

r ASP =y • ( 1 +f' (y) M / f (y) 

/■c/fL. ylt^Ut^^(Dm^. f * (y) Cif (y) (7) — pm^J <h -f -!>„ 

(2 7) <D±m(Di 0 o^M^-ixh. ^p^®^mj6^ii< ^ixo-r^T 

0. 05<l (r,,+ r,a)/(r,s-r,«)-l|<10 

• • • (27- 1 ) 

^ hlzt^^^L< It^ ikcD^ii^^^mzt-CDt^^^^o 

0. Kl (r ,«+r ,a) / (r ,s-r ,a) - 1 I < 5 

• • • (27- 2 ) 

0. 1<I ( r r ,a) / ( r r ,a) - 1 I < 3 

• • • (27- 3 ) 

^tz. <-r^tzisbizmmm^i^-ti:iit. ^2m^>x«§t^,^m/^° 

0. 0 1<l (r2,+ r2a)/'(r2s-r2a)-l|<100 

• • • (28) 

fzfzL^ r 2sCi^ 2mb>X(^^^M(7)ifi$4ffi^¥ll. r 2aCim2^b>XcD± 
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z<D^^^ (2 8) (D±m(D\ 0 o^m^^t. ww.m^^ib^^<^j:^-t^r 

0. 1<I (r2s+r2J/(r2s-r2a)-l|<5 

• • • (28-1 ) 

m^^t^mtLxLtOo ~y5^ iMmizMLx/b:^i.>:^f^xxM^-^^ tzcom 

10''<a<40"' (29) 
■t^XLt-Oo 

15°<a<35° (29- 1 ) 

17.5°<a<25° (29- 2 ) 

^2(DigB^(;)ig 1 ©^^^sc±. mmMib^ib^ m^^^'o. mmi^am 

2 6 



mmmoxoiz^ mmMt^^^^ bueuvx. ^2mb>x. ^3 

^tz^ m2(Dmm<Dm2(Dmmmm.i.t^ ji^mo*^'^. B^-i.$;^f9. Miit-affi 

1 iEb>x\ 'ftffliJ{i:[H]ffi^|pIlj-7tm2Mb>x\ ^ 3 IE b >X(7)|ill(c 

>x^^m^tzzt^!i^mti-^h(Dx^:ho 

mmtmm ^m—mm x-wmm-t ^ztx. ^(oi^mm tf-hi^yx^mx-t^ 
ztx\y> xcD^m.^ 46 -e t ^ (D T% Tb^^m tt^^o 

^(om^. i^yxmKm^^^^(Dm^^-wit-^'^^ztx^ M^xfi^;^ 
mzmn.\^. t^-^. z(D\yyxn^w\.z.m.'^m^<^unmi%:m^^'^^ztx 

^fz^ m2(j:>mn(D%z(DmLmmm.^t. '^kwmiph. m^^m^. mmzem 

2 7 



m^mmmm^-ti^^m Lx\.^^zt i:nm.ti-^ tox-^^. 
m \z^m.-t ^ mm.x ^^tztb^ z 0 \>jmo:>^^ o u > xtiMij tzse $ n b 
tz-fy^r^r^ ±^y^(Dmf^t-t^ztxm9\^^Mi^r^'ytziyyx9mtuD^ 
' i)<x^^(Dx^ m^tmmttji^o 

^tz^ m 2 (Dm.m(Dm A (Dmi^^mi^t^ mmMti^^. m^^^^. MucifiM 
BBM$n/i$s#7t^m. :s:t>\ ^o)mmi.m^tifzmmm'f-%:^L^ mm^m^ 

^^^m^i-^lyyX^^m^^ fulB^ 1 iElx>XcDjf^:|^;5^*A*tffl'j7f)-'bm/c:,h^ 
(-Rff^-r-^O. HUi2^ 3iEb>X(7)?f^^;»c;{?N\ AMJ^^'^B/c<h ticgit^TcT^^g- 
m iziiLm.'t^ mf^ x^^tz^^ ^kdb.^ m^o^ ^ovy x{±m% ^se ^ n u 
rjfzuyxnmttji^o-. 'r'7u^m^^-^^\^mit:b^x^ 

^i^to -!> z t t^x # ^ o 

2 8 



t.um.-t^z.t\z^y)^ ^mmcoiK^ < ^^t^^ 2 b>x\ m 3 uvxcim^-^cd 

-So 

=b -9 1 b yxcDmii^tm'mx-^:^, 

^{^^^cJ^o /i/cL. m 1 IEb>XtiAI^M;6^'^i5(^^ffl^t§o(DT\ l^aiSCi?^i> 

2 9 



tm^mx-^^. x-^x^ 'm\^Evyx(Dmmmtimm^t^':>x<:ho -tt^t> 

0.1<f,/f<0.55 ... (31) 

0. 2<f,/'f<0.5 ... (31- 1 ) 

^ xuyx^mf^-r^m^-. \yyxmti^i^mtBm^^'htj:^fztb^ 

tz'it^t'mm^^^^-^'y-^ni^'ML^'yXL^otzisb^ —yscomizit^^i^^^v-o) 
mt^'Z^miztji^, m3(D§%m(Dm i iEiyyxcDxmmizmmi'fm^mz-^st. 

^< ^ji<o-r^x^ zxcDiixmrn^mtm^x m'kTb^^^itLtzy). u>x 
M'U^omM^.mzM Lxm < tji-^xLt^o 
-15. mmiz^(DiE;^=-x:fjxiyyx^mm-t^t. ^j^itLmmmMiz^m-t 
^mmm(Dfzii>izi,i^j^^mi^miz^m't^(Dtm^mx^^(Dx. mi5(d 
mm^^m^^b^ < lx =.yi.:b xo^m^i^L-t^ ^ ^bmitiz^LxL^o 

o ct-^T. m \ lE^ ^X^ XUyX[tA(D^i^^=kmfzir(Ot<J:\.^o 

1. 0< (r,f+r,r)/(r,r-r,r)<l. 7 • • • (32) 

3 0 



1. 1< (r,f+r,r)/(r,f-r,r)<l. 5 ♦ • • (32- 1 ) 
0.1<f,/f3<0.8 ... (33) 

0.15<f,/f3<0.7 .-• (33- 1 ) 

0.2<f,/f3<0.58 •-. (33- 2 ) 

-So ^(Dtznb^ m iiEiyyxtm2M.i^>x(Dmi^.^m-t<!K(o^i^^%:mtz-t<D 

1.0<f,-2/f<4.0 ... (34) 

< ^ci:oTL*l^. TPg(Z) 1 . 0 ^M^^t. m 1 lEi^ > XizM Lxm 2 n.ly 



3 1 



1 . 5 < f ,-2 Z' f < 2 . 7 • • • (34- 1 ) 

-0.75<f2/Ih<-0.1 (35) 

-0.65<f2/Ih<-0.25 (35- 1 ) 

-0.25<r3./r,f<-0.0l (36) 
/if r 2 P Ci^ 2 m b > X(DMiJMc^7t^±tt^¥ti. r , r ti^ 1 IE b > 

^(r)m^^(D±.m(D- . 0 1 **«^'i.<h. ^ 1 \yyX(o\mm(^l5if^^r}- 

rpTL^l^. 2 ^^mpL=bt^ HI ^>XcDA*^M(^/^°'7-*^^||< 

^cCOmiXMt^ffiiE^^^^T^+^l^^ci: m2 b>X(7)|^aiffi(^/^W-;6^*?t< 

3 2 



-0. 2 0 < r zr/r ,f<- 0 . 02 • • • (36-1) 

0. 01<| (r,rs+r,r. )/(r,,s-r,fa)-ll<100 

• • • (37) 

z.zx^ #M^#0.L/cte^^fir ASP wmm^mic mmi^m-t^m 
^m^-^^ytmMni5\^^iEtLtzt^(Djfm(Dmm (y) tLtzt^.ik 

Tasp =y • ( 1 +f (y) 2 ) /f (y) 

/cZ-cL. y ti7tib;6^«^(7)i^$. f ' (y) Ci f (y) (D-pm^^-^-'^o 

0. 02<| (r,,, + r.f. )/(r.rs-r,fa)-ll<10 

• • • (37- 1 ) 

$ ?>{C$?* L< ti. <k(0^ii\^^^mfzir<D7b^Xl^„ 

0. 05<l (r,fs+r,ra)/(r,fs-r,fa)-ll<3 

• • • (37- 2 ) 

i^fz^ H 1 lElx >XcDJ|itJ±iffiii. 7.UyX(DiE^-^^-^m^-t^fzib 

m^^^mtz-t(D7b^^\.\ 

3 3 



0. OKI (r.rs + r,,. )/'(r,rs -r.ra ) -1 I<1 00 

• • • (38) 

fzfzL^ r ,ra \<tm 1 iEL->XcDjttJM(Z)7tl*±ffi^¥tl. r .^a ti^ 1 IE U > 
T'ci; T L t -9 o 

0. 02<| (r.r, + r,r. )/(r,rs -r.ra ) -1 I<1 0 

• • • (38- 1 ) 

0. 05<| (r,., + r,ra)/(r,rs-r.r. )-l|<5 

• • • (38-2) 

^Wz-t(Dti^^\.^^ 

10°<a<40" ••• (39) 

tztz L> a \,±m:kmM\^is ^^^^^Wioy^M^(DKMnm.x^^o 

\^m^m.U(Dm^^m^'r\^xLt.\.^^ tpscd i o° ^mA.^t. ±^t^±^<t^ 
t^isn^\.<{t. d^(D^{'^^^mtz-t(r>ifXK>o 

15°<a<35*' ••• (39- 1 ) 

17.5°<a<25° (39- 2 ) 

3 4 



o 

ftm\z.^^-^< xoiz.^ mmv^^(Dxmn^x±.(r)mmn'c-mm^'^fzz. t^i^w. 

mmm(D^oiz^ mi^mti^^mi^. m^^^^. ^iiEbvx. ^2mb>x\ 
msiEu yx(Dmizls^m.^ntz/bmo)^^m^^^.xHt^ m^m^ommmh^^^ 

3 5 



> xm^^mt^x t < ^j: o Ltzij^^x^ z.nh(Dvy x^un-t ^vy xw^ 

^^(D9mi^. mwmu^mz'^-^ < ^ dmm^'^tzmmu^m-^. mmi^yx 

iMiziiLm.-f-^mm.x^^tzi!b^ :i(o^^PA^(D^^(Duyxi.tmimz^^n^ v 
> xmM'^^t^x ^<^ji^o m^w liEi^yxtmsiEiyy xxmm tt^^o l 

tz if^X^ ±x!i»1t)5g t-t^z.t xmV^M izf^ -^tzVy xnm tf^Ki^ 7 U 
^iflJ;i'p-p/jNM'fb ^(DmmiM:^^ h V y X ^mXir ^ z tx i- yXoHm^ib 

$ ^>(^ti. ^uyx<D9\'mizmwmmytmizi5:rs< j:omm^-^tzmm^^^m. 
It. ±muyxmz^(DH$MM^^m-t^^oizLxh^\^\ 

^^^j#-r -1) u > x# . mmw i ie i- > X(^ff^^;'^:6^'A*ttJ <h ^ 
i-Rff^T-fe«9. mmmziEuyx(Dm'J[X^K xmmti^^^fzt^izmmm'fo)^ 

3 6 



L TPg^-r 'I) J; 9 L T cfc t>o 
^m*iS46'l) ^ ^ ;6^T- 1 -1.0 

3 7 



So 

mn\zei(D:^ ^y^.t>7.MmzirSo zm^x^^ jtrnti^x hmm^^ 
^(Dtzisb^ mA(Dmno)m 1 (oum^^mxit^ %2n.\yyxtmzi£vyx 

-0.55<f2/^f3<-0.1 (41) 

tztzv^ fz \>tm2n.\yyx(Dmmm. f 3 ^i^m^^vyx^M^^mx^s 

o 

iOo 

-0. 5<f2/'f3<-0. 15 (41-1) 

zzx^ ms:^m^^^'hmh'M\^^msiEuyx(,tmm(D9tmMtmtm< ti^s 

^m(om2(D^^^^^^x{,t^ ^(Duyxmmzm^Ltzo mzxmm(Di5^K 

mm(o^m^mt^m 2n.i-yxtiSi<t^s(Dx\ ^}}mmizi\m^n^mL^o z 

3 8 



-2. 0< (r3f+r3r)/(r3f-r3r) <0. 85 • • • (42) 

o 

-1. 5< (rar+rar) / (r3f-r3r) <0. 7 • • • (42- 1 ) 

-0. 9 5< (r 3f+r3r) / (r 3f-r3r) < 0. 85 

• • • (42- 2 ) 

-0. 8< (r3f+r3r) / (r3f-r3r) <0. 1 • • • (42-3) 
*/-c. ^3iEU>XCiJ^#:#J{z:if!iO^-X3?7X?^^-e*);i)^i*D7^£i,>„ ^(Z)<h§ 

-2. 0< (r3f+r3r)/'(r3r-r3r)<-l. 0- • • (42- 4 ) 

-1. 5< (r3r+r3r)/(r3f-r3r)<-l. 1 • • • (42- 5 ) 

z(Dt^^ igiiEb>x\ m2M.i-yxxmi^Ltzm^w^JE]yyxxi^m^ 

/m^tlzhmmir^, J;oT. ±iEcD^fl^iCtD#{3^3iEb>X(D^^^-$riS^ 
0.1<)33<1.0 (43) 

3 9 



0.2<j83<0.8 ••• (43- 1 ) 

0 . 1 < r 2rXr 3f< 1 . 0 • • • (44) 

0 . 1 < r 2r/r 3f< 0 . 5 • • • (44- 1 ) 

0. 0 5 < r r 3f< 0 . 23 • • • (44-2) 

-0. 2 5 < r ,r/r 3r< 0 . 6 • • • (45) 

tztzL^ r ^Atm\iEiyyx(Dmm^(D^m±^m^n. r ,ri<tm^iEi^>x(D 

4 0 



- 0 . 2 < r ,r/r 3r< 0 . 4 5 



(45- 1 ) 



- 0 . 1 5 < r ,r/r 3r< 0 . 3 5 



(45- 2 ) 



1. 40<n3<l. 66 



(46) 



1.45<n3<1.60 (46- 1 ) 



0 %:m^^t^ 1 iEb>X'(Z)!)^#;fpiJ(7)M«^W-/6^^|§< ^^cfOI-g'T. 

1. 0< (r,r+r,r)/(r,r-r,p)<l. 7 • • • (47- 1 ) 
1. l<(r,f+r,r)/(r,r-r,r)<l. 6 ••• (47- 2 ) 



1 . 0< (r ,f+ r ,r) / (r 



r ,r) < 2 . 5 



(47) 



4 1 



-1.0<fz/Ih<-0.05 ••• (48) 

-0.75<f2/Ih<-0.1 ••-(48-1) 

^ ^lZ.tt}1^L< <kCDm^^^mz-t(Dt^^^>o 
-0.6<f2/Ih<-0.25 ••• (48- 2 ) 

0. 01<l (rsfs+rsf, )/(r3fs-r3r«)-ll<100 

• • • (49) 

fztzL. raf. itm3]Euyx(D!is^wmmizis[^^^m±^m^'^^. r^t. urn 
mtmm-t^yi-°-( > \^ ^^[Hm(Dmmx^m±mm^'^^t(Dm^mtmitLtzt 
zzx^ ^mm^^m.Lfzmm^mr ti> wmm-^m^^f (y) tLtz 

4 2 



tasp =y • ( 1 +f' (y) M '^^ /f (y) 
tzfzl.^ y[timt^h(Dm^. f (y) lif (y) (D~mU^t-tSo 

(49) (o±m(D 1 0 0 ^m^^t. i^m^a^^^jn^ < ^^j: 

0. 05<l (rzfs + r2fa )/(r2f» - rzfa ) -1 l<10 

• • • (49- 1 ) 

0. 01<l (r3rs+r3ra)/(r3rs-r3r«)-l|<100 

• • • (50) 

iEi-yx<Dmmm(Dwmm^^mLtz^m^m(o^(Dmi\mM(o^ytmmm-r 

o 

0. 05<l (rars + r3ra ) / (Tsps - Para ) "1 I<1 0 

• • • (50- 1 ) 

4 3 



0. Kl (r3rs+r3ra)/(r3r, - r3ra)-l|<2. 5 

• • • (50- 2 ) 

mmm'fiz CCD ^km^^^m-^. *s#7t^m>6^ hm^^ ntzmn^M^^mmiz. 

10''<a<40'' ••• (51) 

tz tzL^ a itmM^M iz is ij- ^ ^^m(Dmm^(DxmMmx^ ^ „ 

^■t^XLtOo 
fJiirsmi^L<li^ <kO)^^^^mfzir(Di}^J;:\.^„ 

15°<a<35° ••• (51- I ) 

^ "itei^J^ L< Ci. <X(D^i^^^mtzir(DTb^^\.\ 

\ 7 . b° < a< 2 b" ... (51- 2 ) 

j-km^tzm^m^^m.^atsh(Dx$>^, 

im\z.]5.'^< xo^z.^ mm\'^^(oxmn\ik±(Dmmxm.Pf^^fzz. tkw^ 
mmB(oj:oiz^ mmM^^^imiz^ m^^m'o. ^iiEbvx. ^2mu>x\ 



4 4 



tJl-i£bM^lRll:t/c:||l IEp' -X:^7X b>X. m2mb>X\ ^ 3 iE b >X(7)|ii{3 

mmmm^m—mmx-wm.m-t ^ z tx^ ^(Dmmim^^^^yx^mx-t^ 

^un-t^i^yxm^^m^. 'P^^< thmmW>\iE\yyx^ ^3iEU>X(^^/? 
HulB{ii$4^*^^Ji L T t> ^ c ^ ^ -r -1. © -I, „ 

4 5 



t^x^^(Dx^ mmtimmt^ji^o 

It. ±mv'yxmzt(om$^^t^m^-r^^oizLxi,^\.^o 

^umr ^ u > x^^m^. mt^m i ie b > xmm t^Amm ^M^tzt^izp^ 
mx^y)^ mmm^iEi^yx(om'm\ xmm^ij^ib'^tzt^izmmm^omm 
mwt <D mm 15 \^ iz-Mnt^-t -g. :^ ipj (Z) m $ ti^m^)]mm.nm (d 0,^15 \^ izMfB-t ^ ^ 

m\z\tLm.-t^m^xih^fz}^)^ :L(o^Y)\>xn(o^^(ovyx{tmmizw.^ti^ v 
yxnm^mti^i^^<u^o ^tz^ mmmi^t^ mmiMmmmm'pcDmmmm 
m(ommz'>E'^\,^x<s. L/c*^*^T. ±'M(Dmm.t-r^ztx^ m^ytmizr^ 

^)j^^mii>^ztt^x^^o 

<xiz^ m 5 (Dmmiz}5\.>x±m(D^^tmm.^ t':>tzm^tnm^\^ATizmm 

^r. lyyxi^mz^^^xm^n-t^o mb(Dm^^xi,t. i±mtfbmit^nm.L 
fz^m. i^yx^m^ s^^xmi^Lfzo \^yx^xm.^AmA±izirHi,t^ibizi^ 

A 6 



^S^)^MiJ(-@eSL/Co i*tiiai^uS^t)#i"J(-^< t^^^oizUyXcD^^^- 
zzx-^ ^^^^^^ %:m=h!^mMiz^m:-t^t. ^0{::^LT— ^(cLtIj^Uv 

/N''7-^EMLT?iIELTl>>l,o T^jiio. 43^L>'|4tEl±. ^ 1 jE b VXT-^^-T -l*^ 

o 

o 

^X:<7X?f^4^(c LT. -e(DAI^®^iE^^°'7-^::LT^,^'i>„ zti\z^Y)^ ^liEU 
> XOIE^N- -7 - 2 m U > X{c*g 0 Ij- 3 <i: *>*T' # . IX^^^M $ 

/hM<k(D/ci6{::ti. ^^.(ommm^zn\.x^(o^^^ 

4 7 



-0. 3 5 < r ,r/r 2f< - 0 . 08 ... (61) 

-0. 3 < r ,r/r 2,<- 0 . 1 . • • (61-1) 

> X <D ##1 CD ^° 7 - ci . ^{^iC ^ a -r * ^ o 

-1. 5 < r ,r/r 2r<- 0 . 7 5 ... (62) 

^:<^^#5tc^±PS©- 0 . 7 ^^U^^t^ m2 uyXomi^MoncD^^^- 

*^*?^< ^dto-r^T. 1^1 u^xxcommm. nizmmm^m. ^^i\m(DmiEi)^ 

-1. 2 < r ,r/r 2r<- 0 . 8 . • • (62-1) 

i|X^©^^<^gMT^i^^^:i <hCilK(ox!i-</-Co ^<Z)«i5^(e:-r^<h. m2mu>XCi 

4 8 



. =-x:ij xjfmhA^mitizmm-rso -^(Dtznb^ m2%vyxo:>xmmtw>z 

w.i-yx(oxMmr<X(Dm^^^mtz-t(Dt^^\.^o 

0 . 2 < r zf/v 3f< 3 . 5 • • • (63) 

0. 4<r3f/r3r<2. 5 • • • (63-1) 

iejticDJt-a-*). H 2mU'>X<h|| 3IEU >XCi. ®ffi;i2(D't4t^^/jNSa 

^^Wzir(Dt^^\,^o 

-0.7<fz/f3<-0.1 ••• (64) 

tzfzL^ fz um2n.i^>x(DmMm. f 3 (.tm^JEi^yxcDrnMrnx^s 

o 

^st^^ m2n.]^yX(D^-<^-t^^^<t^'o^^x^ i^m^>&.m. T-vxh-va 

4 9 



-0.5<f2/f3<-0.25 (64- 1 ) 

-2. 0< (r3f+r3.)/(r,f-r3.) <0. 8 • • • (65) 

o 

7'd:i5$f * L < ti. <X(om^^^mtz-t(D7b^^\.^o 

-1. 5 < ( r 3r+ r 3r) / ( r 3f- r 3r) < 0 . 5 (65-1) 

-0. 95<(r3r+r3r)/(r3f-r3.)<0. 8--- (65- 2 ) 
tj:mi-^L<lt^ <X(D^ii]F^^mtzir(Dt^^^\ 
-0. 8< (r3r+r3r) / (r3f-r3r) <0. 1 ♦ • • (65- 3 ) 

z(Dt^^ m 2n.i^ > X(Dmm^mr<k(D^^ic^mtz-t(D:b^^K\ 

1. 2< (r2f+r2,)/(r2f-r2r)<2. 0 • • • (66) 

5 0 



TLS -90 

1. 4 < ( r 2f + r 2r) Z' ( r 2r- r 2r) < 1 . 8 (66-1) 

0. 01<l (r2f,+rzfa)/(r2fs-r2,a)-l|<100 

• • • (67) 

^mt^^^mmniSl^^JEtLfzt^comtCDm^) (y) <hL/c<i;^.<X 
r ASP =y • ( 1 + f (y) M /f (y) 

/c/cL. y t±7feiii7:)-'o(D;^$. f (y) tif (y) o-pm^ji-r-^o 
St. wmm)]^i}<^<fj:^-r^xmiEmmiz^ji^. '\Simt^':^\t-tstmz\yy 

X(Dl)\!ilLt,m L<^d:oTL^-9o 

0. 1<I (r2r8+r2fa)/(r2rs-r2fa)-l|<10. 0 

• • • (67- 1 ) 

h[znt.L<{t. U(^m^^^mfzir<Di)^^\<^o 

1. 5<l (r2fs+r2fa)/(r2fs-r2ra)-ll<3. 5 

5 1 



• • • (67-2) 

0. 01<| (r2r, + r2r. )/(r2rs-r2ra)-l|<100 

• • • (68) 

IZlT^cCoT L*l>. r^-y-jR^^ ^^j^i\yL^i)mitLX{.^\,^^ TPfi(D 0 . 0 I 

0. 05<| (r2r»+r2ra)/(r2rs-r2ra)-l|<10. 0 

• • • (68- 1 ) 

0. 01<| (r3rs+r3fa)/(r3fs-r3ra)-l|<100 

• • • (69) 

yxommMm(Dm^m^mm.Ltzmm^n(D^(Dm:kmmi(Di.^mibmmir:^ 

o 

5 2 



0. 05<| (rsfs+raf. )/(r3rs-r3f. )-l|<10 

• • • (69- 1 ) 

i^rAo^^n^^ ^ ^^ /-c -r (7) t!?-^' ct I ^ „ 

0. 0 1<I (rars H-rSr. ) / (rars - Far. ) "1 |<1 00 

• • • (70) 

tztzL^ Far. i<tmsiEiy>X(Dmmm(D^m±^m^m. rara itmsmi^y 

-VH >*^*a$f(cffiIEr-#7^j:< /J:oTLit^. TPS^D 0 . 0 1 ^^S^^Si;. ^ffi 

0. 05<l (r3rs+r3ra)/(rars-rar«)-l|<10 

• • • (70- 1 ) 

^ ^lz^JtL< it^ <ko:>^i^^=kmtz-t(7)t<X\.^o 

0. 1< I (rars + r3ra ) / (Pars - Tara ) -1 |<2. 5 

5 3 



• • • (70-2) 

ti^^^to CCD ^m^^^m^. mm^^^t-i^mi^^ ntzm^vytrntmrnK 

\ 0° < a< A 0" ... (71) 

tz tzL^ a itm±mM I- *5 tit s ^^m(Dmm^(D xmnmx * ^ „ 

tiisttf^L <l.t^ <X(D^^^^mrz't(D7b^J;:\.>o 

1 5° < a< 3 5° ... (71- 1 ) 

^ hlztiftLK^t^ <k(D^^^^mtz-t(Dib^^\<^o 

\ 7 . b° < a< 2 5" ... (71- 2 ) 

'^%:m^fz'mi'mmm:m.^atih(Dx^^o 

z(Dymm<Dz 0° ^m^st^ mmmmm^<u^xLt.^^^ ±mm(D5 0 
° ^m^st. T^^x >;6^^B^ o^-r< ^cf'i.o ^/-c. m^Mi^M^cD^ 

5 4 



mMm(D^oiz^ t^mn^^hmiz^ b^^^^j^^ ^iieu>x\ ^2mu'>x\ 

ztxiyyx (Di^LM.^ isbt^X'^ ^(Dx^ tmm tt^^o 

m\z^m^^^ifz%\w.\yyx^ m2mu>x\ m^^\yyx<D\mz^m.^nfz 
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#J i^iiLW-'t ^ Mf^xh ^tzisb^ z (Dm. •9 \>X^(0^ ^(DVy XiiMiJ $ ti b 

tzt^-ox^ ±M(Dmi^ti-^ztxmn^Mi^r^'^tzu>xnmttji'o. 
$ "^{iici. ^i^yX(Dnmi^mi^mm^miz^-:>^< ^omm^^^tzmm^^^m 

-t^uyx^^m^^ Huiam 1 iEuyxm^'^t^xmmt^ih^tzt^izBmxh 

«9 . MiB^ 3 IE u yxoj^mtK xmmt^^^fz t ^ izmi^M^(D^mmmm^ 

t>m^^zt^nut-t^ii(Dx^^o 

m.(Dnmiz'j5:'D\^x< Ltz^^-ox^ ±m.(Dmf^tir^ztx^ ^^^Mi^r^ 

-:>tz\y> Xnm ttlD. ^^l-^m^ 'Z>-D/\^m<tib^X # ^ o 
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m^^^^ltS. ^ 1 IE b > X« L U ^ 2 M U > Xti L 2 . mZiElyy 

C G>6^'?>^ifiK$nTi>;So *IIWJ-eti. ^ 1 bvx'L 1 3 b>XL 3 ti^ 

T7°vX^«y ^ t'j: 0 . ^ 1 b>XL U ^3 b>XL 3 liT t ;U7 r X 
^ U"7 ^ >3^(7)-tf;*-;f >y ^X (^p^^) . W 2 U>XL 2 t±*f U b 

*^sfe^j(7)ft<ici. mj^mmf = 3 . 3 mm. I h = 2 . 4 mm-e 

^mm^ (n-ffliJ) Ci. B2®r2 ~^7ffir7 (OMlZ^ 0. 6 4 4 mm, 0. 9 
62mm, 1. 144mm. 1. 247 mm, 1 . 5 2 6 mm. 1 . 8 15 mm 

^ffi©m2mb>xL 2. mmmz^m^\^^^tzmmmm(Dm z iE^ ~x:t3 7. 
u>xL 3. ij^^-tr^^cGt^'^mf^^tLx\,^So ^nt^mxit^ m\ l->x 

L 1 ~m 2 b >XL 2 ti#^X. ^3 1/ >XL 3 Cir^X^>y ^:fy^i^fj:<0. %l 

t.fz^ imMm(r>\±m^±. m^tm.i = Z . 3mm. #i^lh=2. 4 mmT' 
^W^fl (inffl'J) ti. m2®r 2 ~m7®r 7 ©llRlii. 0. 6 6 7 mm. 1. 0 
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43mm, 1. 0 8 8 mm. 1. 0 6 2 mm. 1. 195mm. 1. 6 4 1mm 

^Mc7)^2mu>XL 2. Ma(^Mffi^P^B(D^3iEb>XL 3. 

C G*^f>^t^$tiTi>^„ 2^||)5fe^l-eti. ^ 1 b>XL U m 3 U>XL 3 Cd:7° 

7X^>y ^2 b>XL 2 Ci#7X7:)^<i7^j: 0. 1^ 1 1/>XL U ^3 U>XL 

'i>o 

*fc. ;$:^]5fe^J(Dtt1ili. ^^^^gg^f = 3. 3mm. #1^1 h= 2. 4mmT' 

(itfi) Ci. m2Mr 2 ~m7Mr 7 (^mti:. 0 . 6 7 0 mm. 1. 1 
6 3mm. 1. 3 0 9 mm. 1. 6 4 1mm, 1. 6 2 4 mm. 1. 7 9 1mm 



> MiJ(-dli®^l^ttA:]S|M^f^®0^ 1 IEp' -X;?7X b>XL 1 . jagOfl^Mffi^ 
2mu>XL 2. Ma(^]S5M^^M<7)m3jEb>XL 3. ^/^-^-^X 
C G*^?>^tfiK$tLTl>^o ^HlFfe^J-^ti. m 1 b>XL 1 ~^ 3 b>XL 3 lii^ 
T7°^X^>y <7ti^ibf^n. W> 1 1/>XL U ^3 b>XL 3 (iT t ;U7 r X 4< U 
:t b-?^' >^(D-lf;t;?^ >y i7x m^u^) . ^ 2 b>XL 2 ti*" 'J :^-*'^-r h 

t.fz^ ^m.m.m(o^mt^ m^^mf== 3 . 3 mm. mn i h = 2 . 4 mm-?? 

^®^aj=3 6° (Z)^i:^c7)7^^3^.-e*^o #b>X(D^ti^~n(7)7t 
(^ni'J) Ci. ^2Mr2 ~^7ffir 7 collglc. 0 . 6 5 2 mm, 0. 9 
62mm, 1. 0 9 7 mm, 1. 2 9 1mm, 1. 3 9 7 mm. 1 . 6 8 2 mm 

^i^^>Xffi<Dtt^^^l. d, . d2 -Ci^bVXffirH^tDrBlPi. nd.> naa-ti 



t^t^ TiBOiC (a) izxm^tl^o 

x=(y^/r)/[l+{l-(K+l) (y/r)M'/M 

+ A4y' +A6y'' +kBy' + A.oy'" • • • (a) 

fztzL. r itj^m±<Dmmm^. Ki^mrnm^^ Ae. a,, a.o it^n^^m 



Example 1 



r 1 = 

r 2 = 

r 3 = 

r 4 = 

r 5 = 

r 6 = 

r 7 = 

r 8 = 



o° (Stop) 
-6. 5436 (Aspher ic) 
-0. 7168 (Aspher ic) 
-30. 0120(Aspheric) 
0. 7919 (Aspher ic) 
3. 9990 (Aspher ic) 
-2. 9858 (Aspher ic) 



oo 



CO 



r 9 = 

r 1 0= °o (Image Plane) 
Aspherical Coefficients 

2 nd surface 
K =16.6569 

A4 =-2.1175 X10-' 
As = 2.4986 X 10-' 
A, =-1.0799 
A,o= 6.7759 X 10-' 

3 rd surface 
K =-3.0582 



d , 

dz 
da 
d4 
ds 

de 

d7 
d, 
ds 



0. 1500 
1.0517 
0. 1000 
0. 6000 

0. 5843 

1. 2677 
0. 5000 
1.0000 
0. 3868 



Hd. =1. 52542 i/di =55. 78 



nd2 =1.58423 Vd2 =30.49 



nd3 =1. 52542 v =55. 78 



nd4 =1. 51633 v d4 =64. 14 
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A4 =-2.0333 X 10-' 
As =-1.0575 xlO-^ 
As = 3.6568 xlO-2 
A,o=-7. 2420 xiO-^ 

4 th surface 
K = 0 

A4 = 2. 1456 X 10-^ 
Ae =-4. 1265 X 10-^ 
As = 3.3083 xlO-^ 
A,o=-3. 5946 X 10-' 

5 th surface 
K =-5.0261 

A4 = 1.4181 XIO"^ 
As = 1.8308 XIO-^ 
As =-2. 1621 X 10-2 
A,o= 7.4684 X 10-' 

6 th surface 
K = 0 

A4 =-7.3992 xlO-2 
Ag = 5.0526 xlO-2 
Ag =-1.0842 XIO-^ 
A,o=-5.7950 xlO-" 

7 th surface 
K =-6. 1449 

A4 =-1. 2884 xlO-2 
Ae =-1.7773 xlO-2 
As = 1.5345 xlO-2 
A,o=-3. 1206 X 10-' 

6 0 



Examp ] e 2 



r 1 = 


°o (Stop) 


d, = 


0. 1500 










r 2 = 


-163. 0826 (Aspheric) 


da = 


1. 2486 


n d 1 


= 1.71700 


V d 1 


=47. 90 


r 3 = 


-0. 8468 (Aspheric) 


ds = 


0. 1000 










r 4 = 


-7. 1595 (Aspheric) 


d4 = 


0. 6000 


n d2 


=1. 84666 


1/ d2 


=23. 80 


r 5 = 


1. 0846 (Aspheric) 


ds = 


0. 4862 










r 6 = 


2. 8595 (Aspheric) 


de = 


0. 9365 


n d 3 


=1. 52542 


V ds 


=55. 78 


r 7 = 


21. 6886 (Aspheric) 


d7 = 


0. 5000 










r 8 = 


c» 


ds = 


0. 5000 


n d4 


= 1. 51633 


I' d4 


=64. 10 


r 9 = 


CO 


ds = 


0. 4488 










r 1 0 = 


oo (image Plane) 















Aspherical Coefficients 

2 nd surface 
K =17.3876 

A4 =-1.6527 X 10-' 
Ae = 1. 6223 X10-' 
Ab =-7.9356 X 10-' 
A,o= 4. 3502 X 10-' 

3 rd surface 
K =-3.7934 

A4 =-1.5515 X10-' 
Ae =-1. 2895 XlO-^" 
As = 5.4504 XIO"^ 
A,o=-1.9223 XIO"^ 

4 th surface 
K = 0 

A4 = 6.7955 X 10-' 





-5. 9704 


xlO-^ 


A, = 


3. 8965 


XIO-'' 


Ai o=- 


-3. 5723 


X10-' 


5 th 


surface 




K =■ 


-8. 5753 




A4 = 


2. 1750 


XIO"^ 


As = 


4. 8974 


xlO- = 


A, =- 


-4. 1661 


xlO"^ 


Ai 0= 


1.8845 


xiO"'' 


6 th 


surface 




K = 


0 




A4 =■ 


-2. 0748 


XIO-' 


Ae = 


1. 0850 


X10-' 


As =• 


-4. 7593 


xlO-^ 


Ai 0 = 


5. 6268 


X10-' 


7 th 


surface 




K = 


-23. 8701 




A4 = 


-4. 0887 


xlO-^ 


Ab = 


-7. 4333 


xlO-^" 


A, = 


7. 2471 


xiO"^ 


Ai 0= 


-2.3127 


xlO-'' 



Example 3 
r 1 = 
r 2 = 
r 3 = 
r 4 = 
r 5 = 



(Stop) d , = 0. 1500 

-9. 6860(Aspheric) 62 = 1.6384 

-0.6937(Aspheric) d3= 0.1018 

-5. 1048 (Aspheric) d4- 0.6000 

0.8648(Aspheric) ds = 0.3762 



nai =1. 52542 v^i =55.78 



nd2 -1.70514 vaz =41.20 
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r 6 = 
r 7 = 
r 8 = 



6. 5333 (Aspheric) 
-1.4995(Aspheric) 



c» 



oo 



r 9 = 

r 1 0= °o (Image Plane) 
Aspherical Coefficients 

2 nd surface 
K =-59. 1814 

A4 =-1.2120 X 10-' 
Ae = 3. 1625 X 10-' 
Aa =-9.7874 X 10-' 
A,o= 9.8482 X 10-' 

3 rd surface 
K =-3. 1900 

A4 =-9.8717 XIO"^ 
Ae = 2.5463 xlO-3 
As =-2.6289 xlO"^ 
A,o= 7.4538 XIQ-'' 

4 th surface 
K =12. 0804 

Aa =-2.4281 xlO-^ 
As =-3. 1148 XIO"^ 
As = 2.2428 XIO-^' 
A,o= 6.2579 xlO-" 

5 th surface 
K =-7.2129 

A4 =-6.7698 xlO-=^ 
Ae = 4.6894 xlO"^ 



de = 1.4299 nd3 =1. 52542 Vd3 =55.78 

d 7 = 1. 0000 

dg = 1.0000 nd4 =1. 51633 i/d4 =64.10 

d 9 = 0.7389 
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Aj =-1.9662 XIO"^ 

A,o= 1.7027 xlO-=' 

6 th surface 

K = 0 

A4 =-9.2594 xlO-=^ 

Ae = 6.9802 xlO"^ 

As =-1.7483 xlQ-'^ 

A,o=-5.7216 xlO"" 

7 th surface 
K =-2.7819 

A4 =-5.2887 xlO-2 

Ae = 6.6560 xlO-^ 

Ag = 4.8128 X10-' 

A,o=-5.7750 xlO-" 



Exantp I e 


4 














r 1 = 


«> (Stop) 


d, = 


0. 1500 










r 2 = 


-12. 6294(Aspheric) 


d2 = 


1.0730 


n d 1 


= 1. 52542 


V d 1 


=55. 78 


r 3 = 


-0. 7143(Aspheric) 


d3 = 


0. 1409 










r 4 = 


-2. 9570 (Aspheric) 


d4 = 


0. 6000 


n d2 


=1. 58423 


V Al 


=30. 49 


r 5 = 


0. 8935 (Aspheric) 


ds = 


0. 3713 










r 6 = 


3. 3450 (Aspheric) 


de = 


1.3104 


n d 3 


= 1. 52542 


V d3 


=55. 78 


r 7 = 


-2. 1798 (Aspheric) 


dr = 


0. 5000 










r 8 = 


00 


ds = 


1.0000 


n d4 


= 1. 51633 


V d4 


=64. 10 


r 9 = 


00 


ds = 


0. 6950 










r 1 0= 


°o (Image Plane) 














Aspherical Coefficients 















2 nd surface 
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K =151. 6475 

A4 =-2. 1628 X 10-' 

Ae = 3.0208 X 10-' 

As =-1.2104 

A,o= 7. 1578 X 10-' 

3 rd surface 
K =-2.9151 

A4 =-2.0522 XIO-' 
Ae =-2. 2638 xlO-^ 
As = 5.9992 xlO-^ 
A,o=-9. 5552 XIO-^ 

4 th surface 
K = 3.6058 

ki = 5.2938 xlO-2 
Ae =-4.8469 XIO"^ 
As = 4.4066 xlO"^ 
A,o= 2.4170 xlO"^ 

5 th surface 
K =-6.2499 

A4 =-1.9244 xlO-^ 
Ae = 4. 2544 xlO-2 
Ab =-3.3552 xlO-^ 
A,o= 9.7446 xlO-» 

6 th surface 
K = 0 

A4 =-1. 1018 X10-' 
Ab = 9.8531 xlO"'' 
Aa =-4.0642 xlO"^ 



A,o= 4.6017 xlQ-'' 
7 th surface 
K =-5.6092 

A4 =-3.7110 xlO-^ 

PiB =-l. 1639 XIO"^ 

Ab = 1.0065 xiO-^ 

A,o=-3. 0086 X 10-' 



±B^nMmizts\.^^^^ ( 1 ) ~ ( 1 3) (Dm=k^^i-o 





nmrn 1 




mMm 3 


^Sfef ij 4 


( 1 ) 


0. 95 


0. 74 


0. 71 


0. 54 


( 2 ) 


0. 024 


0. 12 


0. 14 


0. 24 


(3) 


-0.55 


-0. 45 


-0. 42 


-0. 46 


(4 ) 


-1.30 


-0.43 


-3. 30 


-1. 52 


(5) 


-0. 38 


-0. 17 


-0.41 


-0. 41 


(6) 


0. 38 


1.06 


2. 51 


2.43 


(7) 


3. 06 


4. 20 


1.45 


2. 90 


(8) 


18.9 " 


30.4 " 


15.8 " 


20.4 " 


(9) 


0. 44 


0. 34 


0.41 


0.42 


(10) 


0. 60 


0. 47 


0. 56 


0. 58 


(11) 


1.45 


2. 57 


1.03 


1. 14 


(12) 


-0.40 


-0. 33 


-0. 31 


-0. 34 


(13) 


1.05 


1.87 


0. 75 


0.83 




i 1 (Dmm^ 






I h 
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> mmnm.^m'^-t^^^^tLxmmw^m-t^m^i.t^ nm^t^nmhoz^ 

L(D2 '7^0 1 X^^o 

mm.) <Dnnwt\utmmwime.\z.-:>\.^xnm\.x^<o meti. m.^mi-om 
HBB^'jcD xm^TT^-tmx:^^^ mmmmsiXR (#) . g m) . b (#) cd® 

o ^jiis^ i^woM^i^m^^^miMmm^m^mw.'^M^tLxj^i^tK -^(o^of^ 

Mmz-:>[.^xmmir;hfz!!b(Dmx^^, c c Dmcom^mmm^izm^mj^Lx 
Wi^-r^m^. ■^(Dm^mmmmtmwmmm(Dmm^(omoizj:-,xi^^^n 
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T^o F sti. ±.%z'm&m<Dm^^^^ st-hm i b>xL i (t^PbI. m i i->x 

L \ t^2U >XL 2 CDfB^, ^ 2 b >XL 2 3 b >XL 3 (Df^^ ^3 b >X 
L 3 t^ihmm I c7)rHlcoMticDiimt-gBMLT^i J;l>o m 1 -HI 4 CO J; -9 l^U >X 
^liick «9 7 UTtIcI^^;?? «y h "T J; d (-^t^ LT i; C> 7 bT^<9 F S ^gij 

o 
o 

i/i. t°> bt^gH^^f ^/■c*6(-7;t-;i; v>i:7'^^T9i; -^t^LT^cfco. b> 
X^^l^^^^f D th UT ■7> X T ^) J; L> — gP(7) b >X^li 0 tti-T^^^ 

. ^L<ti. M0ii<6^^LT7;i--:;?7X-r-i.J;-9t^LT4> J;l>o 

C C D(D^^ ^ □ U >X(^|^|f ^^;tT^=};i>o ^/c. jl^t^ill;ict «9 

tZ^X. l^±(7)#^«lJlz:^b%^T, Huia<^J: ^i-x ;b /^-#^ X C G (7) Al^ 
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hti. 0 0 nmx-ommmt^s o%ia(±. 7 0 0 nmx-commm 



im 


A 1 


2 Oa 




5 8 . 


9 6 


0 . 5 0 


zm 


T i 


O2 




8 4 . 


1 9 


1.00 


zm 


S i 


O2 


1 


3 4 . 


1 4 


1.00 


AM 


T i 


O2 




8 4 . 


1 9 


1.00 


5e 


S i 


O2 


1 


3 4 . 


1 4 


1.00 


6S 


T i 


O2 




8 4 . 


1 9 


1.00 


7» 


S i 


O2 


1 


3 4 . 


1 4 


1 . 0 0 




T i 


O2 




8 4 . 


1 9 


1.00 


9e 


S i 


O2 


1 


3 4 . 


1 4 


1.00 


10® 


T i 


O2 




8 4 . 


1 9 


1.00 


lis 


S i 


O2 


1 


3 4 . 


i 4 


1.00 




T i 


0^ 




8 4 . 


1 9 


1.00 




S i 


O2 


1 


3 4 . 


1 4 


1.00 


14J1 


T i 


02 




8 4 . 


1 9 


1.00 


15M 


S i 


O2 


1 


7 8 . 


4 1 


1.33 


16® 


T i 


O2 


1 


0 1 . 


0 3 


1.21 




S i 


O2 


1 


6 7 . 


6 7 


1.25 


18® 


T i 


O2 




9 6 . 


8 2 


1.15 


19® 


S i 


O2 


1 


4 7 . 


5 5 


1.05 


20® 


T i 


O2 




8 4 . 


I 9 


1.00 


21® 


S i 


O2 


1 


6 0 . 


9 7 


1.20 



6 9 



22m 


T i 


O2 


8 


4 . 


1 


9 


1.00 


2zm 


S i 


O2 


1 5 


4 . 


2 


6 


1.15 


2Am 


T 1 


I O2 


9 


5 . 


1 


3 


1.13 




S 1 


1 O2 


1 6 


0 . 


9 


7 


1.20 


2m 


T 1 


I Oz 


9 


9 . 


3 


4 


1.18 


27m 


S 1 


1 02 


8 


7 . 


1 


9 


0.6 5 



Mm'Oizii. ^ ;u^-^L < C±:3-T--< >:?*lca; 0. l^S 4 0 0 nm~ 

7 0 0 nmX-mMmtmhM^^^-S.(DmMmizM-t ^ 420 nm(?5^ft(DMi§^ 

nm^^m^^m^mMLm^^mizM^^nxLi^i.^^ m^^ ±m(DA 2 onm 



7 0 



4 2 0 nmlz^i^^MM^^ 9 0%. 4 4 0 n m (^T^li^^tD tr— ^ 1 0 0 

0 nm(Z)il^^9 9%^f-^?i LT. 4 0 0 nmliliDt^ ^^Jl^^ 0 4 2 
0 nmlC^DC:)-^^ii^^ 8 0 6 0 0 n m (ci^niT ^^ii^-^ 8 2 7 0 On 

m-t^zt:b^x-^^ ^n^emz^i.^x^ 7K¥t-ajum> ±4 5° i5\^iz^n^'n 

SQRT(l/2) X afz^^-fib-rztX^ l^mm^n O :i tib<X^ C^T% S 

x^^:i tijm^Li\ 
i?* «; - > c7)fe7 -f ^ - G G P tr- ^ ^ w L . 

V T > 7 ^ ;i/ - C it^m C P lc:^7t?^J^ tr- ^ <^ W L . 
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5 1 0 nm< Gp < 5 4 0 nm 
5 nm< Yp -Gp < 3 5 nm 
-1 00nm<Cp -Gp <-5nm 

4 3 0 nm< Mp,< 4 8 0 nm 

5 8 0 nm< Mp2< 6 4 0 nm 

\^—'^lzmLX'<^m^ 3 0nm-T?Ci8 0 %ia^±(D3tJ^^W ^-{fy^o^y^ 
;U^-ti^(7)^7t5tM©t:°-^ Jc^tLT^^S 5 3 0 nmXni 1 0%7b^ib b 0 %(D 

fe7^;U5^-GC± 5 2 5 nml3 5>7t§tJSOti-^ ^^LTl^^o ^ sLu~(D^y 
— Ci 5 5 5 nm(::^7t5^S(Z) tr-^-^;^LTl^'g)o vT>cOfe7^;U 

MCi 4 4 5nm<h620 nml3 tr— ^WLXl^-&o 5 3 0 nmtciJlj-^l, 

^fe7^';u5^-ti. ^n'e^n(D5>7t^tJt<^t°-^tii^^ LT. Gci9 9%. Ye c± 

9 5 CCi 9 7 %. MCi 3 8 %<h LTl^^„ 

Y= I G + M + Y, +C I X 1 /4 

R-Y= I (M + Ye ) - (G + C) I 
B-Y= I (M + C) - (G + Ye ) I 

ofi-^Ms^MTR (#) . G ($1) . B (») (om^\zm.^^n^o 
amx^-^xii^^^o ^tz^ ^-^-^y^y ^ jii^-mxm.h 2^xxi> \^xxiimt> 
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(Z)r^iDff^«^r?fm«M (lai 5) E>f^(^^{^i^^?i/c-rFfji^/^j:^^«9fii (2 

15^ "9. Hie) (Z) 2?Mo^.h-r'5 3 <h;&^*-r^t 

7t;$iii±t-@Bm-r'i>it^^-r'i>^. ^0 tilt c^^M{b7:?^*iEin -1.0 ^co^-u 

'y h ± 1 3 12 $ n ?I ^ © ^ $ ^ 19 CO r^i □ CD 43 (Z) ft ^) 3t « ^ j£ M $ -ii- -i. f^T □ t :i . 
'^W\th^ti.^fMU 1 A (MS 5 5 0 um[z.M-r ^WMm-i^ 1 0 0%) .h. - US 

<om.mt^m=i^WL 5 0 nmtii^-r'i.iiJi^tio 9%) ipht^^wiu 1 b 

r?FlP 1 BiilHlUffi^tcDR^f^r^lPgP^^tL. -21s. -4lS{-^iE-r 
^/■ci6. 5 5 0 nmizn-f ^WMMif' 5 0%. 2 5%. 13 %cDN 

^ ;b^-:6^^ISl:^'bn/i:r?flPg|5 1 C. ID. lEi:^WLTl^^o 
^LT. ^-U«y h 1 0 (ziSltfclelfett 1 1 0 (DHIitjti: J; OMn;«>^cDr?^P 

^fe^ 0 jiS(-se-r -!> ^ <h T^TtMi^fiii ^^f o T ^ o 

^/■c. m\ 7 ^i^^-r:$'-^'y h 1 Otcj-t^T. 0 1 8 cDIEMIl^-^^-r ^J'-b^y 
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±c7)^o s©fiEi-> 015. - -2^> -315. - A}^(Dm^^mm^'^ 

0. -215. -315. - 4f5t-liiE-r'i>/ci6(Dff^:|^7!>^'g|^®r»TPSP 1 C . ID 
' . 1 E' ^ ^WLTl^^o 

9 1 ^J^/XN-rHl-r-* 0. h 1 0" or^lD 1 A" Ci^ilLffiXCic|a 

^(^r^^p. r?fTp 1 B" c±^M 1 / 2 c7)ND7^;u^s^-. r^p 1 c" i^tm^m i 

)\^^-m^m^xh^^>o m^it. m^^^^mzMLx(,tfp>b^^<D^m.m 
^^M%LxmMm^i^-~ t L. m^^^^wwizMLxcD^m^^^^^wo^ 

ifc. S tLXit^ ^ 1 lEUvXL 1 (Z)A*f®#J<D;^ia^^||MO 
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o 

112 1 (a) ^tmMmti^hM.tzm. 02 1 (b) {i^M{iij7:)><^M,/cgl-e$.^o 1 

X^^o 1 7tiu — 5^ i>-^>y ^-^-T?^^o 1 8 CiD-^ i; — .y ^-^ 1 
7 OlHlteSb-Tffe S9 > iHlteli 1 8 1 5 lil^tLTlElfeL. a-^U-v-t^>y^ 

1 7 t—Wit^n-CK^^, [Hlfett 1 8 CiS^S 1 5 (0mM(0^'^ 19. 2 0 i 
^llS^ti-Cl^-So :i©4^"T 1 9. 2 0 t±|ll^L^j:l^^-:5^ — <i:B*S$tiri,>'g)o 

C(D J; EI^nLt^cCI^^— ^ — (T^igSfjici; (9 . 4-'T 1 9. 2 0 

. IDfeli 1 8 ^irX^X^ u — 9 ';— vi' >y ^ —M 1 7 ;6^*lelteib 1 8 ^^>\j\zm^ 
-t^^O l-1Sfi5c$ tiTl^-So 

C(Da-^57 .y ^-^ 1 7 tiBg^RMt^lt^^n. Ultetz J; 0 SIS 1 5 

(DTt^P^P 1 6 c^Mi5<hilM^tf l^. v -y ^ — c7)tS:IiJ^^/c LTt^^o v -^^ -y ^ 
KtiiOa-^ U-vi-«y 9 —M 1 7 C7)[a]fe-t X tT- K^E^'i)^^ 

0 2 2 (a) ~ (d) Ci. 0-5^ 'J-v-^'y ^5^-^ 1 7 tmmir ^m^^iim 
fl|ij^^'b«^/i|l|T*^'l)o B#rBl^jiioT|EI© (a) > (b) . (c). ( d ) . (a 
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^J^. 1112 3. 0 2 A{:iJ;:^CCDmm(DWjf¥^MmLfJi:t^i^mm-t^o m2 3 

cDmmo^mi'^m.mmx^^o mz zizis\.^x^ f a-F city ^ v ^'^^-v 

^fflV>/i:M7tgP> Va~Vc{iCCDtcJ;'I.Sitfej!^^?|5. H a tiC C D teick ^tK 
¥teJMSP-e*^o A-7 ^ — ^ H\ B "7 ^' Kti{S^7 ^ -;u 

0 2 3 (Ditfi^T-ti, m^mi'^t^A(^ ^ 0 i^nion^o -tuib-^^ ( i ) myt^ 
xmz^^m^rm^cDwm i^mmm . (2) m^U7b-i^mmmmm^(Dm^■ 
m^(Diyyh (y ^ h) . (3) mmmm^]^x(Dm^mi^(Dmm m 

) . (5) 7)^^um.ux(om^mn(Dm.'^ (7j<¥feM) . (6) TK^fe^n^oai 

0 2 30^ >iS^-b-X5C (^t/^L^i^) CCD^{t«. TVS5cig:^5C^ 

6 ^-fnXK^^o Cin^^cDS^DSC (Di j i tal Spectram 
Compat ib 1 e) mWUMt LXy l- — I^m=km^'tSt. WJ^CO^^^W^ 

W<Dm^. —M^co^^A^y^iy^m^-t, ^zx^ :l(d^ 4y°(DCCDm^xi.t 

. A. By ^-}Vh'%:mmm^L'cmi^ir^y ^-)W(Dm^^m^-t^o 

. Ky ^—}VY<oy)-(DWCd^m.^^\^^ fe'i>i>ti. A. B-7^-;UK^|3imi'^^ 
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V d ~V f lie C Dl^icfc -SSfite^igP. H b lie C D lzj:^7\^^mm^X^^o 

b^Pb^^ ( 1 / 1 0 0 0 o#) m.mz.^<.-t^z}it^x%^^ 02 \(Dmx\,±^ m 

. HOieU/cJ; •9^j:fiJ.«^,^>^^^(D-^, % 1 (7)||B^tci5l^T^i. El 2 3 . gi 2 4 (DM 

0 2 5 ~ll 2 7 ^ 1 (Z)^0^t;iJ;^$S#3t^^.^-T^ v^;b;?7y 7(Z)^Sf^7^^ 
^4 1 i^:ila^^A^/■d^t^(D^;^,g|^^,-fo El 2 5 Ci7'~>?^;U*y V 4 0 (D^f^^ 
^N-rtu;^5^4?iEI> EI 2 6 [tm^^lsm^m^ El 2 7 tir* v ^S^ ^ v 4 0 (Dli^^ 
;^-rKfT®E|-e*)'l)o 7">?^;u:^7 ^ ^ 4 0 (i. CO^y(DJt'8--. S^ffl7^ffS4 2^W 
1-'g>Mf^7t^3^.4 K -^T-i- >r-ffl7^8^4 4 ^W-r'i)7T-r >^^-7^^^. 4 3 
. vi'«y5'-4 5. •77>yva.4 6. ^^a^aa^^ - ^- 4 7l|^-a-^, :i?7p«^4 

4 1 . m^itm.um i o$s#7t^^.^®L-c^^*^tfbti'S>o ffi^7t^i^4 i k 
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CCD 4 9X-^jft^titz!^Wmt^ MiI¥IS5 1 ^/^L. M^m^tLX^ ^7 

izmmm^b 2tmm,^ti^ mm^ntzm^mm^t^m-t^hztiiX^^o u 

Z (Dfgfi^l^ 5 2 Ci^ii^lS 5 1 tmWl^m^X t^i^L-. 7 n .y ^--xV 

,i;V>o ^^'ii. CCD A 9 IzitiD^xm^y ^ f\^l-^^m.LtzmiU.iiJ tLxm 
f^Lxii^\.^o 

u-rS)^„ z(Dy T-(>v-mM^yt^mb siz^-yxmm^ntzHiiDwm^t. # 
mtLm^x^^n-'ay' 5 5 (D?gsf# 5 7 Jitiiff^^^ n-So 3 (d^t u 7* >; x 

z(D^d izmm.^ntzT'v ^ ;i.;?7 v 4 0 li. mmyt^^. 4 1 >6^*]^'tttEt?/jNiy 

^■^y-'^n^tzi^yx^m^^xh^^^o 

<xi3. m 1 (omm(o^m^^^.ti^Mm^^^t Lxf^m^ntzmm*skmmm.(o 

1 ^J-eS)'l)/N°y 33 >*>*ll 2 6 —HI 3 0 (^l^^n-So 0 2 6 ti/N'V3 > 3 0 0 (7);!7 
WcHU^^i^^iEI. m 2 9 V n > 3 0 0 Ojfif^Tfe^^. 3 0 3 

. 0 3 0 cigi 2 6 (D'^km(DBmmx^^o m 2 e -n 3 0 iz^^^n^j;:oiz^ 

mTT^^mm t tzmmf^m^m'^tmm^ t . tffg izmfrs-t ^ ^ ^ ^ - 3 
0 2i:. mi'^m^m'^mmcDm^mm-t^tzisbomf^^^^.s 0 3 ^:^^L-rc^ 

-So il<lT% t^^- 3 0 2 ii. m^NL^^Jil^z-^'y ^^-r b (c^ OWM36-'^MB^-r 
^> CRTt'^ X7°L-1'l?-e*)oTctl>o ^/-c. 114'. JSf^7^^3^. 3 0 3 (i. t 

-^- 3 0 2 (D:^±izp^m^nx\.>^t\ -^(ommizm^ir^ ^^^-3 02© 
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3(^ig^7t^^ 3 0 3 ii. mmytmz o a±iz^ m i (omm^z^^^^m^^^ 

^i|^U>Xl 1 2(0m^\ 1 3Ot^j^(3'7>;$^>y^T'^i6^A^nTm0f^lt 

'^w^mo^wmM^'^x-^'o^ mLt^Wi^t.f^r>xK^^^ ^tz^ mw \ i z(d% 

-So 

3 0 0 (D^ii^lSlcA;/7$n. «^®^iLT^^:$'- 3 0 2 izm^^^n^^ m 

imx^^mm. ^^mzn-^mzfizmm^j^m^mmybms nzTr.^n^o mz \ ( 
a) itm^mm^ o ot^iEBH. 113 i cb) MUffigi. na 1 (c) itmm^ 
^^.4 0 b (ommmx^^o mz \ (a) ~ cc) iz^s^n^^oi^^ m^mt^ 

4 0 ot±. mi'^^on^mmtLxAtj-t^^-c^^A 0 1 mtm^(D^%: 

ai;/7-r'l.xb°-*gM 0 2<!:. ^^'F^*>*'ltlg^A;^-t'5A;^r^T;P4 0 z 

immm^.A 0 5 <h. ®mmi^(D^m<h^fi$r^f 9T>^^4 o & mm 
o dc-^. ^^^-4 0 Af^tm^Bm^sm^x^s, ttz^ m^. ^mmo^^ma 
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Ji^^^^^yn 6 2T'^7t$tl/-c:J|^##Ci. 1 6 G^/rLT. H^LT 

o 

Mmm 1 ~ 5 ote^^j^^^-^^^Bto u >xirMiii^^n^^nigi s 2 3 e t::^ 

-To H^i. 0^'i)$^9tiS. m 1 lEbVXtiL 1 . m2mb>XtiL 2 . ^ 3 IE 

mmm i m^B^^mt^ 2 izTrs-t^oiz^ f^^mMt^ibmiz^ m^^m^ 
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ikT7°^X5^«y |g 1 bVXL U ^ 3 1/ >XL 3 tiT^;b-7 t 

>^.co-lf4-^ >y ^7. muu^) . 112 b>XL 2li7l<'; ;b->if^-r h 

^^mkmco^mt^ mMm.f = 3 . 3 mm. f^-m2. a mm-eS) 

n (n-fi) ti. m2ffir2 ~^7Mr 7 0.6 4 7 mm, 0 . 9 6 9 m 

m. 1. 14 6mm, 1. 2 4 1mm, 1. 6 6 2 mm. 1. 9 2 0 mm-e$)'l> 

o 

S. {i{iiCi£bE^[pItj-/ci3|ffi|pi^®c7)^ liEy-X*Xb>XL 1 . il^MiJiza 

iEb>XL3. ;b/N'-#7XC G7:)^t>1tfig$n-C^.^'l.„ ;*:|ISfefijT-ti. ^1 U > 
XL U ^ 2 b>XL 2 C±#^X. ^ 3 b>XL 3 Ci^^X^-y ^ t^j: «9 . W. 
3 U>XL 3t±T^;U7TX4<';^b-7^ V^t^-lz'^^'y ^ T.t^hmm.^^'Ci^ 

^tz, ^Mmm<Di±mi>t^ mmmr = Z . 3 mm. #^2. 4mmT-^0> 

4^iii^aj=3 6° (Drun<Dyt^^x-^^o ^/c. ^uyXcD^n^^tKDyt^m^)] 

^1 (ittJ) Ci. |g2Mr2 ~^7ffir 7 0 . 6 5 6 mm. 1. 14 2m 

m, 1 . 2 7 7 mm, 1 . 3 4 4 mm, 1 . 5 2 7mm. 1. 7 7 6 mm-e^^ 

o 

S. ##U-f!i3p*[^l^/c[^M#^M(7)^ 1 iE;^-X;?7X b>XL U MIH](^)M® 
2 Mb >XL 2 . ]a|iilj(DMM^^^®(^^ 3 lEb >X 1 3. #7 
XC G:6^'i1ll^$nTl^'i>„ ;2^|IAfe^Jt?ti. ^1 U->XL lCi7°^X^'y^. m 
2 b>XL 2 . H 3 U>XL 3 # ^ X t^cC f9 > ^ 1 b>XL 1 CiTt;U7T 
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m (itfl'J) ti> ^2® r 2 ~m 7®r 7 ©Ilit::. 0.6 7 4 mm. 1 . 201m 
m. 1. 3 8 4 mm, 1. 6 9 2 mm, 1. 6 5 2 mm, 1. SOlmm-^S)-!) 

o 

^^I^Mc?)B3IEU>XL 3. */^-#vXC G;6^'^1tfi£$n-ri>-i>„ *||]^^!)-e 
ti. ^1 lx>XL 1 ~|^3 U>XL 3l±^T7°^X^«y ^7>6^^>^j:0. ^1 b>X 
L U ^ 3 b>XL 3 liT^;U7 rXJi^U b-7 ^' >^(D-if:^:^y ^x. ^ 2 U 
>XL 2 Uyi<') ti-7i<^^--( b t!)^ nTi^ 

*MSfe^ij(Dttti(±. mmmf = 3 . 3 mm. mm 2 . 4 mmr-^ o> 
^mM(o=3 6° (Dmn(D^^^x-^^o ^uvxtD^ti^-nt^)?^^^^ 

(M-#J) ti. ^ 2Mr 2 ~m Tffir 7 (7)Jii(z. 0.651 mm. 1 . 109m 
m, 1. 3 3 0 mm, 1. 4 3 9 mm, 1. 4 4 5 mm. 1. lllmm-e^S 

o 

s. mmi^eim^\^^^fzmmm^(Dm i iEp«-x5t7xix>xL i . 
®^fS]tj-/iMMi^^M(^^ 2m^^x:^7Xb>xL 2. !^wmiz,[h(Dmmw^m 

3iE>' -X*X b >XL 3 . ;t7/^-#^XC G;6^t>^tfi£$tlTl^^o 
mXHt^ f$ 1 IxVXL U ^2 b>XL 2ti#^X. ^3 I/>XL 3{ir7X^ 
«y :5^*^^>ncD> ^3 UVXL 3 )\^y r X^' V ^ ^ >^CD-lf;^^«y i7 X 

*^WiJOtt#Ci. :^;ilSB^f = 3 . 3 mm. #1^ 2 . 4mm-eS)0. 

^®^<o=3 6° (Dmn(D^^mr^^^o ^bvxo^n^^nt^Tt^w^ 

11 (i^fflij) ^2ffir2 ~^7Mr T (T^llgCl. 0. 630 mm. 0. 942m 
m, 1 . 2 4 5 mm. 1. 2 0 2 mm. 1. 3 5 0 mm, 1. 5 9 9 mm-e$)'l> 
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Example 


1 














r 1 = 


00 (Stop) 


d . = 


0. 1500 










r 2 = 


-7. 5279 (Aspheric) 


d2 = 


1. 0750 


n d 1 


= 1. 52542 


V d 1 


=55. 78 


r 3 = 


-0. 7163(Aspheric) 


d3 = 


0. 1010 










r 4 = 


-12. 1467 (Aspheric) 


d4 = 


0. 6000 


n d 2 


= 1. 58423 


V d2 


=30.49 


r 5 = 


0. 8291 (Aspheric) 


da = 


0. 6439 










r 6 = 


3. 4262 (Aspheric) 


ds = 


1. 2447 


n d3 


= 1. 52542 


V d3 


=55. 78 


r 7 = 


-3. 5308 (Aspheric) 


d7 = 


0. 5000 










r 8 = 


CO 


ds = 


1. 0000 


n d4 


= 1. 51633 


V d4 


=64. 10 


r 9 = 


00 


da = 


0. 3259 










r 10= 


°° (Image Plane) 














Aspherical Coefficients 















2 nd surface 



K = 7.7613 
A4 =-2. 0650 X 10-' 
Ae = 2. 3824 X 10-' 
A, =-1. 1397 
A,o= 8. 3716 X10-' 
3 rd surface 
K =-2.9922 
A4 =-1.9180 X10-' 
Ae =-2.0698 xlO"' 
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As = 


4. 7778 


xlO- 


2 


Ai o=- 


-7. 0770 


XIO" 


2 


4 th 


surface 






K - 


0 






A4 = 


8. 5549 


XIO" 


3 


As =- 


-3. 3173 


xlO" 


3 


A, = 


2. 0235 


xlO- 


2 


Ai o=- 


-4. 9724 


xiO" 


3 


5 th 


surface 






K =■ 


-5. 4085 






A, =■ 


-9. 8822 


xlO" 


3 


As = 


3.8108 


xlO" 


2 


A, =• 


-2. 3110 


xlO- 


2 


Ai 0= 


6. 2728 


xlO- 


3 


6 th 


surface 






K = 


0 






A4 = 


-6. 0997 


xlO" 


2 


Ae = 


3. 5388 


xiO" 


2 


Ab = 


-9. 3482 


xiO- 


3 


Ai 0 = 


5. 1984 


xlO" 


4 


7 th 


surface 






K = 


-21.9717 




A4 = 


-3. 8938 


xlO" 


2 


Ae = 


1. 7109 


xiO" 


2 


Ag = 


-1.2600 


xlO- 


■ 3 


Ai 0 = 


-4. 5069 


XIO" 


4 



Examp 1 e 2 
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r 1 = 


°o (Stop) 


d, = 


0. 1500 










r 2 = 


-5. 7501 (Aspheric) 


dz = 


1.5214 


n d 1 


= 1.64000 


V d 1 


=60. 10 


r 3 = 


-0.8591 (Aspheric) 


ds = 


0. 1000 










r 4 = 


9. 5700 (Aspheric) 


d4 = 


0. 6000 


n d2 


= 1.71736 


V dz 


=29. 50 


r 5 = 


0. 8679 (Aspheric) 


ds = 


0. 6846 










r 6 = 


66. 8603 (Aspheric) 


= 


1. 2746 


n d3 


=1. 52542 


y d3 


=55. 78 


r 7 = 


-1. 9604 (Aspheric) 


d7 = 


0. 2000 










r 8 = 


CO 


d8 = 


2. 0000 


n d4 


= 1. 51633 




=64. 14 


r 9 = 


CO 


ds = 


0. 1502 











r 10= °o (Image Plane) 
Aspherical Coefficients 

2 nd surface 
K =-81. 2346 

A4 =-1.6822 xlO"' 
As = 2. 5291 X 10-' 
Ag =-7.9239 X 10-' 
A,o= 7.2511 X10-' 

3 rd surface 
K =-3.4464 

A4 =-1. 1481 X 10-' 
As = 1. 4273 XIO"' 
A, =-1.9287 XIO"^ 
A,o=-2. 7564 X 10-' 

4 th surface 
K = 0 

A4 =-3.2122 xlO-^ 
As =-1.4090 X 10-' 
As = 1.2145 X10-' 
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A,o= 2. 2021 xlO-^" 

5 th surface 
K =-5. 3622 

A4 = 1. 2231 xlO-'' 
As = 5. 9299 xlO-^* 
As =-1. 3334 XIO-^ 
A,o= 4. 7568 xlO-=' 

6 th surface 
K = 0 

A4 =-6.4796 XIO-^ 
Ae = 7.8540 XIO-^ 
As =-2.7986 X 10-' 
A,o= 2.8273 X 10-' 

7 th surface 
K =-2.5423 

A4 =-2. 7889 xlQ-'' 
As =-1.9066 XIO"^ 
As = 8.8761 X 10-' 
A,o=-2.0576 X 10-' 

Example 3 

r I = 00 (Stop) d , = 

r 2 = -11. 1500(Aspheric) d 2 = 

r 3 = -0. 7398(Aspheric) d 3 = 

r4 = -5. 1048 (Aspheric) d4 = 

r 5 = 0. 9630 (Aspheric) ds = 

r 6 = 52. 7268 (Aspheric) d s = 

r 7 = -1. 7038 (Aspheric) d 7 = 



0. 1500 

1.7182 Hd, =1.52542 =55.78 
0. 1176 

0.6000 nd2 =1.70514 =41.20 

0. 4287 

1. 1705 nd3 =1.65156 2^d3 =56.20 
1. 0000 
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r» = °° d« = 1. 5000 nd4 =1. 51633 Vd4 =64.10 

r 9 = °o d 9 = 0. 5257 

r 1 0= CO (Image Plane) 
Aspherical Coefficients 



2nd 


surface 




K = 


0 




A4 = 


-8. 5390 


XIO-^ 


As = 


2. 1454 


X 10-' 


A, =• 


-6. 7874 


X10-' 


Ai 0= 


7. 1918 


X10-' 


3rd 


surface 




K = 


-3. 2699 




A4 = 


-9. 4083 


xlO-^ 


Ae = 


2. 1539 


xiO"^ 


A, = 


-4. 7321 


xl0-» 


A.o = 


6. 1547 


xlO-^" 


4 th 


surface 




K = 


11.3618 




A4 = 


-2. 5013 


xlO-^ 


Ae = 


-1.7135 


X 10-^ 


A, = 


2. 4028 


X 10-^ 


Aio= 


-2.5184 


X10-' 


5 th 


surface 




K = 


-8.0182 




A4 = 


-6. 4582 


X 10"^ 


As = 


4.4917 


XIO-^ 


A, = 


-1.8056 


xiO"^ 


Ai 0= 


1.5135 


X10-' 
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6 th 


surface 








K = 


0 








A4 =■ 


-7.2737 xlO"^ 








As = 


6.7906 xlO-^ 








A, =■ 


-1.8897 xlO-^' 








Ai 0= 


2.5877 XIO-" 








7 th 


surface 








K = 


-2. 9885 








A4 =• 


-4.5662 xiO-=' 








A6 = 


4. 2454 X 10-* 








As = 


6.9167 XIO-' 








A,o = 


-1. 1382 X 10"' 






Exarop I e 


4 






r 1 




00 (Stop) 


d, = 


0. 1500 


r 2 




-4. 6301 (Aspher i c) 


dz - 


1.4219 


r 3 




-0. 7717 (Aspher ic) 


da = 


0. 1000 


r 4 




14. 7558 (Aspher ic) 


d4 = 


0. 6000 


r 5 




0. 8247(Aspheric) 


ds = 


0. 5796 


r 6 




-70. 4957 (Aspher ic) 


ds = 


1. 2848 


r 7 




-1. 7517 (Aspher ic) 


d: = 


0. 5000 


r 8 




00 


ds = 


1.0000 


r 9 




00 


d9 = 


0.8550 


r 1 


0 - 


°o (Image Plane) 







Aspherical Coefficients 
2 nd surface 
K =-25.5256 
A4 =-1.5903 X 10-' 



1.52542 i/d. =55.78 

1. 58423 =30.49 

1.52542 Vd3 =55.78 

1. 51633 y d4 =64. 10 



Ab = 2.8109 X10-' 
As =-9.4603 X 10-' 
A,o= 9.6575 X 10-' 

3 rd surface 
K =-3.1402 

A4 =-1.2192 X10-' 
Ae = 5.8307 X 10-' 
A, = 1.2448 xl0-== 
A,o=-7. 1920 xlO-^ 

4 th surface 
K = 0 

A4 =-1.6052 xlO-^ 
Ae =-2.7695 xlO-^ 
As = 2.4775 xlO"^ 
A,o=-3.9737 xlO-"* 

5 th surface 
K =-5.2890 

kA =-6. 1415 X10-' 
A6 = 1.9045 xlO-=^ 
As =-1.8452 xlO"^ 
A,o= 4.8187 xlO"^ 

6 th surface 
K = 0 

A4 =-6.2427 xl0-== 
Ae = 7.8799 xlO"^ 
As =-2.5631 xlO"^ 
A,o= 6.4222 xlO- = 

7 th surface 



K =-1. 5765 

A4 =-1. 3739 XIO"^ 

Ae =-8. 3395 xlO"'' 

As = 1. 1410 xlO"^ 

A,o=-2. 7793 X 10-' 



Example 


5 














r 1 = 


«> (Stop) 


d , = 


0. 1500 










r 2 = 


-3. 5483 (Aspheric) 


dz = 


0. 9441 


n d 1 


= 1. 52542 


y d 1 


=55. 78 


r 3 = 


-0. 7869 (Aspheric) 


da = 


0. 1000 










r 4 = 


5. 1411 (Aspheric) 


d4 = 


0. 6000 


n d2 


= 1. 58423 


y dz 


=30. 49 


r s = 


0.8668 (Aspheric) 


ds = 


0. 5579 










r 6 = 


2. 7069 (Aspheric) 


de = 


0. 7310 


n d 3 


= 1. 52542 


y d3 


=55. 78 


r 7 = 


40. 9062 (Aspheric) 


dr = 


0. 5000 










r 8 = 


00 


d« = 


1. 0000 


n d4 


= 1.51633 


y d4 


=64. 10 


r 9 = 


00 


ds, = 


0. 5575 










r 1 0 = 


°o (Image Plane) 














Aspherical Coefficients 















2 nd surface 



K = 4.8164 
A4 =-2.0149 X10-' 
Ae = 1.6121 X10-' 
Ab =-7.0842 X 10-' 
A,o= 4.7295 X 10-' 
3 rd surface 
K =-3. 2085 
A4 =-1.9378 X10-' 
As =-1.2206 xlO-'' 
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As = 8. 1481 XIO"^ 
A,o=-1.0139 X10-' 

4 th surface 

K = 0 

A4 = 5.3097 xlO-^ 
Ag = 2.9052 xiO"^ 
As =-1.8627 XIO-^ 
A,o= 1.7525 X 10-' 

5 th surface 
K =-5.2416 

A4 = 3.9126 XIO-^ 
Ae = 3.2573 XIO-^ 
As = 2.9813 X10-' 
A,o=-7.9290 xlO-^ 

6 th surface 
K = 0 

A4 =-8. 4473 xlO-^ 
As = 3. 2379 xlO"'' 
As =-1.0481 xlO-^ 
A,o- 2.9594 xlO"" 

7 th surface 
K = 0 

A4 = 1.3909 xlO"'' 
As =-9.6102 X10-' 
A, = 1.8961 xiO-'' 
A,o=-9.8080 XIO"" 

±i^nMm 1 ~ 5 (DmMmz. 7 ;d- - * v > ^' l tzm^(Di\)L^m=k^nmm a 



7~I1I4 1 IC^N-To <lti^.i|XMIilt-iitN-c. "SA" ti^SiJX^. "AS" 





mm0^\ 1 




mmm 3 


mmm 4 




(21) 


2.35 


2. 78 


2.92 


2.71 


2. 14 


(22) 


-1.24 


-1.86 


-3. 09 


-3. 38 


-0. 99 


(23) 


0.41 


0. 39 


0. 56 


0. 46 


0.31 


(24) 


-0. 37 


-0. 36 


-0.43 


-0.45 


-0. 34 


(25) 


1.545 


1.628 


1.627 


1.545 


1. 545 


(26) 


1.21 


1. 35 


1. 14 


1.40 


1.57 


(27) 


0. 58 


1. 73 


1.97 


2.42 


1. 52 




5.45 


4. 79 


3. 19 


4. 30 


6. 38 


(28) 


0. 72 


1.98 


3. 90 


1.84 


1.65 




3. 13 


2.91 


1.40 


2.65 


3.85 


(29) 


19. 2° 


20. 0° 


16. 2° 


18. 7° 


29.8° 



cm ^i^^ (27). (28) (Dmmt^ ±ti^!^i^m(Dm(Dm^. rt^mmo) 

x^is^ y^.xm^'t^ xoiz. LT^) j:i^o m^m^rii:)^(D%mmo-y°^ ^y 9 

J; 9. Mm.m\tiz^:hmi'^ittmwL^n^(Dxn^\^^^ m^it. B*-if^> 

9 2 



•7bT^0$rSB^LT*) ckV^o ia^_b(0||]|te^Jl:::folNT. ^^^^^ Si)-^hW 1 
>XL 1 W> 1 b>XL 1 t'm2 b>XL 2rBl. ^2 b>XL 2 U>X 

L 3 fb^. ^ 3 u>xL 3 I m(Dmn(omm\^-y ut^o ^sbmlt*) cti^ 

ttb^'cjt^o ■^-'U^^i— h-e^n{i\ ^;!)m0^i-:3'-x 7 bT^gM-e^>l)(D-e 

o 

El 4 2 ti. jiiB^sfe^y 1 ois^tT^^m 5 fto^mm I i-iam$ ti-i) c c d e 

M(7)U>X^^7(c-#^?f^LTCN^o Z(D^olzir;^t. IS^t^^IF. 5 

b>X#7 ^/c, b>X#7 ^^B^^$^^9^S(D1t;5g^— 

9 3 



tfz^ 1114 2t^<bm^i)^^Ji<kol:^^ ^'Bm^^^bcDm 1 lEbVXL 1.^2^ 
UVXL 2 . m 3 lEb >XL 3 (D^^CD^VM 8 (z. i|^#ffliJll7^lilz:ja-3X ^ 

U W>2n\yyX\^2\,±Xmmti^h^xnW'. 0 3jEb>XL 3CiR?F^©b>X 
>XL 1 ~L 3 cD(D:5'fjil 8 S{|iJ(:i|bM4L-ri^^o b >X# 7 cD|X|® ^(D 

2. ^3iEb>xL3 ^m^ytmizr^ -^tzuy xm^\z-t^ ztt^x^^ y ^ u 

^ffl]^o^/hM'fb:6^*-^t'l.„ ico^J-et. U >X# 7 |^{:i^{t5^^3^ 5 

1^ 1 iEl/>XL 1 . H 2mU'>XL 2 . ^ 3IEb>XL 3 (D^^(Dnm 8 (D|iil4 
M^^t^LTS^^-iJr^J: •9{--r'i>^^T% b >X# 7 F^(i:#®#J7:)^^, b >XL 

(DCCD %lzXmLm< U*)^ 7bT. =3'-X ^(D^#^j«t-^^^*^'p^tg^- 
9 4 



PJ.±(Dm 2 CD^B^(7)^||i&fef!J^;Ii3l^T^). mAtm 1 1 -ID 1 4 ^#M{- LT 

*y ^■^t'-f':^:*^ 7. ifisM^MfD^jT'^^/N-vzi mis. m^n-^Mxf 

^ 4 1 izm^'^/ofmmcDmikm^Tfsiro 025 i^tTz^^ ^v-^ 4 0 onm^ 
7r.i-myj$^nm. 112 &itm'iki50\nm. 02 TtiT'-v^';!/;!?^ 7 4 0(^iti5K^ 

■t^mm^^^A u >^'-ffl7tg§4 4 ^wr-s^T-r >^*-7t^i^4 3 

. vi"y ^5^ — 4 5 . 7^ VOL 4 6 . — ^ — 4 7^^#<?^. ^ 7 4 

0 cDJigpcHSM^tifcvi- .y ^-4 5 ^^ffil"-!) ^nto^liiLTJlf^^^ 

4 1 . m^itmmm i (^*S{t7t^m^aLT^^;iN'tT^n-&o ffi^7t^m4 i iz 

^':>-^Bf^^nfzlli^Wmi}\ ifi'?!R^f*«y ha- h ^|^tj-a-yA-X-7^;b^— fpffl 
^t#fc-^^::;?7/N'-#7 7;C G^r/^L-rC C D 4 9 cOJi#MJi{3^M$ tl-So ;i£D 
CCD 4 9 T^S7t$n/cil^##Ci. MJl^l^S 1 ^/TL. <h L T;?7 y ^ 

R®t::^t:^'in/c?^^B^^^-:5'-4 H^mTTs^n^o ^tz^ zcom^^^b 1 

{-tiiB^^iss 2timm^ti^ mm^ntzm'fmm%:tmi'^zthx^So 

ctl^o CCD4 9 (c-ftb o -rmi^7 ^ ^@2M L/cMm;57 7 i: LT« 

9 5 



iEAL^fW-efe ^ yi<ar V XA 5 5 (Omm^ 5 7 ±{i?fM$ tl-So d U 7° V X 
BBa$ti-ri>>5„ ii^7t^|^4 1 :5^t;7 r ^ >r-ffl^t)7t^m 5 3 cdA 

1 ^J-t?*^/\-V3i >;6^0 2 8 ~|EI 3 0 t^^^tl-^o HI 2 8 ti/N°V:3 > Z 0 0 (Dij 

^^-%:mi^tzmy5$mm. 029 c±^n°v=j > 300 oii^7t^m3 0 3 (Dmmm 

. 121 3 0 CiS 2 8 (7)t>^M(7)fIiJMgl-eS)'g.o 111 2 8 -H 3 0 izfr^^n^^ die, /n° 

hi/Tn ^^v^^ l tzmmm^^fR'Pim^m. t . mm ^m^m -!> ^ - ^ - 3 
02^. mi'^m^m'^mmoym^mm-r^tziixDmm^^mz 0 3<h^wLTi> 

-^- 3 0 2 (D:^±izp^m^n-t:\,>s7b^^ -^(ommizmib-r^ ^-^—z 020 
^oji^7i6^i^ 3 0 3 11. ^f^7ts& 3 0 4 ±iii. m2(Dmmz^^^^myt^^ 

2 t^^un^^o c:n^H/N°y :3 > 3 0 0 t^ii^ic^ tiTi^-So 

-#^XCG*M^ijpfi^l::MOf^tj^'in-r^#^-.v h 1 6 0 <i: LT-#lc^^^$ 
ti. 1 2j7)^#1 1 3(7)^$^{^V>^.y^T*^is6iA^nTmO{^tj- 

^tg(::ni;oTi^^/-ci6. ^^UyX\ 1 2 <!:^#^^ ^ >y 7° 1 6 2 (Dc^'L^-^^-^ 

9 6 



a ) (i^^mtS 4 0 0 coiEMH. HI 3 1 (b ) tiffliJMHI. lEl 3 1 ( c ) ti^^^fe 

^^4 0 ^(Dm'mmx^^o ms \ (a) ~ (c) {::;^$ti-i)ck-9(-. m^mm 

m;tj-r^xt°-:^7gM 0 2^. ^^^#7:)>''tflg^A:t?-r'i>A;^5'^^T;i.4 0 zt. 

o zzx^ :t^^- 4 0 4 {«^B^^N^^-e$)^„ m^^ ^mfi^comm.^ 
Vid,m.^tLfzm2(Dmmiz^^^myt^^. mxMm) ip^t^^n'mi^^xx i 

1ilS4 0 0l^|^®$t^T^,^'l)„ 

tl. ^^il^bVXl 1 2(DmW\ 1 3 O^^^^^Z'7>^«y^T-^^6iA^tlT^Rl9^^^j■ 
oTtg^^:;'j:r^•rl^^/c:i6. Mmi^yXl 1 2 iJl^^^^.y r 1 6 2 ^D4l.|^^:b-^i- 
So 
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c 1 ] ^wmthhmiz.^ m^^m^o^ miiEbvx. m2mb>x. ^3 

1 . 5 < d/ ( f • tan 0 ) < 3 . 0 • • • (21) 

[ 2 ] ^^(D^^^^mtzir:! t ^'mmt-t^±t^ 1 ie®(D|g#5^^mo 
1.8<d/(f-tan0)<2.8 •••(21-1) 

-5. 0<f2-3 /f<-0. 5 • . . (22) 

tzfzV^ f 2-3 tim2mu>X<hm3IEb>X(7)-^^^,.Sjg^^ i[±^^(DmM. 

C4] <i';:(^^#^^^/-c-r:ii:^jf#g^^1-^±|g3ie^ (7)$S#7t^i^ o 

-3.5<f2-3/f<-0.8 ••• (22- 1 ) 

C 5 ] <!Ko:>m^^^mtz-t :l t^W^t-t ^±.m 1 4 (^^5in;6^ 1 igIB 

0.1<f,/f3<0.7 (23) 
/c/cL. f, (i^ 1 iEU>X(7)^;ilEgil. fa tim3iEb>X(Z)^;^Eei|-r-*^ 

9 8 



0. 2<f,/f3<0.58 (23- 1 ) 
-0.6<f2/'f3<-0.1 ••• (24) 

o 

-0.5<f2/f3<-0.15 ••• (24- 1 ) 

1.45 < n.vg < 1 . 7 0 • • . (25) 

1 . 5 < n.v, < 1 . 6 5 • • • (25- 1 ) 

CI n <X(D^^^^mtz-tzt^^mti-^±mi7b^ib \ 0 (oisiM^i 

1. 0< (r,,+ r,r)/(r,f-r,r)<l. 7 • • • (26) 

c 1 2 ] <!K(D^i^^^mfz-rzt^Wi^t-r^±m i i iei^(^is#7t^iF. 

1. l<(r,f+r,r)/(r,f-r,r)<l. 6 (26- 1 ) 

CI 3] miiEiy>xi,r<ko)m^^^mtz-t$mm^'pu<tiiimmt 
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0. 01<| (r,s+r,.)/(r,s-r,J-l|<100 

• • • (27) 

c 1 4 ] <k(Dm^^^mfz-t^t^!^i^ft^±m i zimo)^myt^^. 

o 

0. 05<| (r .s+ r ,a) / (r ,s- r ,a) - 1 I < 1 0 

• • • (27- 1 ) 

CI 5] w 2n.i-y xi.r<X(o^i^^^mtzi-^mm^<pfji< t h iMw-r 

0. 0 1<| (r2s+r2J/'(rzs-r2J-ll<100 

• • • (28) 

w^m^^fM.Ltz^m^^i^(D^(D^^m^mmp^x-i&mmm^^i^t(D^tmhmt 
CI 6] <X(Dm'¥^^mz-tzt^!imt-r^±n^i b%mo)^:^m^^^ 

o 

0. 1<I (r2»+r2a)/(r2,-rz.)-l|<5 

• ♦ • (28- 1 ) 

CI 7] <kcD^i^^^mfzi-zt=kmmtt^±mi:b^<^s(Dmriib^\m 

1 0° < a< 4 0° ... (29) 

CI 83 <X(om^^^mfz-t:it^!imt-t^±i^i immcD^m^^^ 

o 

15°<a<35'" ... (29- 1 ) 

CI 9] f^mm-h^. m^^^^'o. miMiz^m^mi-^tzmijEi^yx^ m 



1 0 0 



C2 0} ^mMt^h. m^^mKi. mimz^m=^i^i^fzm\iEi^>x. # 
tJi3iH]M^i^c:r/-cig2mb>x\ mziEuyxcDmiz^m^ntz^myt^^. r 
t>\ ^(DimnzB^^ntzmmm'f^mL^ mmm^^^.tmmmmmf^m^ 

L^^-^HuiBB^-S^^D^lii —mm^^ r^—i^f^m Ltzuyx^%:m^tzzt^ 

miz\}nm^\^^^tzm2Miyyx^ msjEi^yxcDmiz-mm^ntzmmyt^^.. r 
If. ^(ommi^Mi^Htzmmm^^m mm^$iM^^^^un^^i->xw^ 
m^-. <pu< thm%^w\jEiy>x^ m SiEi-yxcD^^onmi^^ ^^s^^mmyt 
ttf-ifiox ci: om^^^'^tzm^m^m-y^ mtziy > xm^mmm^^^ib^mmLx 

[22] ^WiMt^^^ MJi^OM^lSjlj-fcm 1 iEU>X.. m 

ffi'J(-IH)®^l6]lj-/-c^ 2mi/>X. m 3iEb>X(Dji!M(z:@eg$ti/-c|S#7t^|^. R 

^ti^m^^tz/m xmm^(Dmmmm. ^m^ztt^x^^, 

^Sfe^J 1 ~4 (^MPIMJ|^;±l-a-^B#Ob>XiTMgl^-en^^nil4 4 ~g|4 7 iz^. 

■to m^. m^^m'oits^ ^ iiEuvxtiL 1 . ^2m^>xtiL 2. msiE 



1 0 I 



is^ ^^<~-if'7xcG(Dmmizm&mmm(D^mm^mLxt^\^^o ^tz^ ^ 

XC G*^^#fiK$nTl^^o 2^ll»J-r'(i. ^ 1 U>XL 1 3 b>XL 3 Ci 

^T7°7X^>y '7ti^hti'0. m 1 b>XL K ^3 1/>XL 3 CiT ^;i'-7 t X 

2^^»J(D<±1iCi. :i|jtEg^f = 3 . 7 3mm. -fti^ I h= 2 . 4 mm 
Xh<0^ ^m^oj^S 2. 7° OE:^(D7t^.^.-^^*^„ ttz^ ^UyXcD^M^ 

tKD^^^iim (nm) i^t^ wzmr 2 ---mimr 7 (DMiz^ o. 727mm. 

1. 0 4 6 mm, 1. 2 0 8mm. 1 . 3 0 6 mm. 1 . 5 8 3 mm. 1. 81 

7 mmX$> 

^WJ 2 ©ISft^t^mci. 1114 blzfr^-t^olz^ !^mMt^^mjz^ m^^^^^ 
MiJli:ifli®^lS]tj-/-cMffil^^®o^.lIEp«-X;*7X U>XL K f^i^iMl^i^ 
®^fpIt:i-/iMffi#^M<^)^2m>-X;dXlx>XL 2. iSlifhOi^ffi^^^MO^ 3 
iEU>XL3. ;?7/<-#^xC G;6-b1t^$tlTl^^„ ^^HiKg^jT-ti. ^1 U> 
XL 1 3 U>XL 3 ti^Tr^X^«y ^;6^^;^d:»9. ^1 b>XL K ^ 3 b 
>XL 3 tiT^;b7TX4<U:<}-b7>f >^(0-tf >y i^^X. ^2 L->XL 2 

tfz. ^nmm(Di±mit^ mmmf==Z. 3mm. ^^^Ih=2. 4mm-e 

^^m^ i^m) Ci> ^2®r2 ~^7®r7 0. 6 4 0 mm. 0. 9 

8 6mm, 1 . 2 2 6 mm. 1 . 2 5 2 mm, 1. 8 4 5 mm. 2. 0 5 3 mm 



1 0 2 



xcG*^'^itfiS$n-ri>^o yi^mmmxHt. m i u>xl i -^2 uvxl 2ci 

ttz^ :^mmm(Di±mi>t^ mmmf = 3 . 3mm. #l^Ih=2. 4mm-e 

^m^m i^m) ti. ^2Mr ^ ~^7Mr r ©WK^. O. 6 7 0 mm. 1. 1 
15mm. 1. 145mm. 1. 173mm. 1 . 3 0 6 mm. 1. 6 0 7 mm 

2Mb>XL 2 . Mdit^]aSffi|f^®(Z)^ 3IEb>XL 3 . ti^^-iS^ 
2 b>XL 2.^3 b>XL 3 Ci#7X;6^'^7^d;»9. m 1 bvXL 1 «T^;I.7t 
St^c. 2^^;5fe^y(7)tt<i{±. M^^ggHf = 3 . 3 mm. #i^Ih=2. 4 mmT- 

¥iii^w= 3 6° cd;aA<^^^^-??*'I>o iTt. ^bvXcD-en-e^tio^t 

^W^tl (n-ffliJ) Ci. m2®r3 ~^7ffir 7 (Z)|ig(c. 0. 6 6 0 mm. 1. 0 
9 8 mm. 1. 266mm. 1. 446 mm, 1 . 4 6 4 mm. 1 . 7 3 2 mm 

fr)iB(05t (a) [z^^tl^o 

Example 1 

r , = CO (Stop) d , = 0. 1696 



1 0 3 



r 2 = 


11 nr>ii/A 1 ■ \ 

-11. 0541 (Asphenc) 


dz = 


1. 1212 


n d 1 


=1.52542 


V d 1 


=55. 78 


r 3 = 


-0. 8354 (Asphenc) 


da = 


0. 1144 










r 4 = 


-20. 1658 (Asphenc) 


d4 = 


0. 6782 


n d2 


=1. 58423 


V d2 


=30. 49 


r 5 = 


AOOni/A 1 • \ 

0. 8891 (Asphenc) 


d 5 = 


0. 5892 










r 6 = 


3. 2644 (Aspheric) 


ds = 


1. 1603 


n d 3 


=1.52542 


V d3 


=55. 78 


r 7 = 


-4. 4171 (Aspheric) 


dr = 


0. 3000 










r 8 = 


CO 


d, = 


2. 0000 


n d 4 


=1.51633 


V d4 


=64. 10 


r 9 = 


CO 


d, = 


0. 2469 










r 10 = 


^ (Image Plane) 















Aspherical Coefficients 

2 nd surface 
K =20.6298 

A4 =-1. 4605 X 10-' 
Ae = 8. 1598 xlO-^ 
As =-4. 1554 X 10-' 
A,o= 2.6589 X 10-' 

3 rd surface 
K =-3. 0962 

A4 =-1.4289 X 10-' 
Ae =-1.4452 xlO-^ 
As = 3. 5563 xlO"' 
A,o=-3. 3357 xlO-'' 

4 th surface 
K = 0 

A4 =-3.8125 XIQ-^" 
Ae = 1. 7604 xiO-^ 
As = 2. 0635 xlO-^ 
A,o=-1.2278 XIO"^ 
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5 th surface 
K =-4.8586 

A4 = 4.7243 X 10-' 
As = 1. 4633 xlO-^ 
As = 5. 7255 XIQ-^* 
A,o=-4.4597 

6 th surface 
K = 0 

A4 =-5. 0546 xlO-2 
A« = 2. 1779 xlO"^ 
A, =-6.0043 X 10-' 
A,o= 3.6380 XIO-" 

7 th surface 
K =-27. 4772 

A4 =-1.7730 XIO"^ 
Ae = 5. 1424 X 10-3 
As =-2. 5695 xlO"" 
A,o=-4. 1667 xlO"* 



Exarop ] e 


2 














r 1 = 


00 (Stop) 


d, = 


0. 1500 










r 2 = 


-4. 4414 (Aspheric) 


dz = 


1.0851 




= 1. 52542 


V d 1 


=55. 78 


r 3 = 


-0. 7656 (Aspheric) 


d3 = 


0. 1025 










r 4 = 


7. 3594 (Aspheric) 


d4 = 


0. 6000 


n d 2 


= 1. 58423 


1^ d2 


=30.49 


r 5 = 


0. 8221 (Aspheric) 


ds = 


0. 8483 










r G = 


3. 5100 (Aspheric) 


de = 


1. 1893 


Has 


= 1. 52542 


V d3 


=55. 78 


r 7 = 


-5. 2488 (Aspheric) 


dr = 


0. 5000 










r 8 = 


00 


ds = 


1. 0000 


n d 4 


=1. 51633 




=64. 14 



1 0 5 



r 9 = °o 

r 1 0= °° (Image Plane) 
Aspherical Coefficients 

2 nd surface 
K =-2.6276 

A4 =-1.8738 X 10-' 
Ae = 1.9184 X10-' 
As =-8.9468 X 10-' 
A,o= 7.5040 X 10-' 

3 rd surface 
K =-3. 0386 

A4 =-1.7124 xlO-> 
As =-1.4963 xlO-^" 
Ab = 2.4987 XIO"^ 
A,o=-4. 2838 xlO-^ 

4 th surface 
K = 0 

A4 = 5.9413 X10-' 
Ae = 1.5563 XIO"^ 
A, =-3. 3203 X 10-* 
A,o= 1.6576 xlO"" 

5 th surface 
K =-4.8199 

A4 = 1.5380 xlO-=^ 
As = 2. 1836 xlO"^ 
As =-1. 2885 xlO-'^ 
A,o= 3. 1166 xiQ-' 

6 th surface 



d 9 = 0. 1653 
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K = 0 

=-4. 6658 xlO-^ 
As = 2. 1561 xiO"^ 
As =-4.3006 xlO-=' 
A,o= 1.7143 xlO-" 
7 th surface 
K =-57. 2784 
A4 =-3.2297 xlO-'^ 
Ae = 1. 4832 X 10-' 
Ab =-1. 5028 xlO-^ 
A.o=-1. 6629 xlO-" 

Examp 1 e 3 



r 1 = 


00 (Stop) 


d, = 


0. 1500 










r 2 = 


-28. 9244(Aspheric) 


d2 = 


1.4906 




=1. 71700 


V d 1 


=47. 90 


r 3 = 


-0. 8215(Aspheric) 


da = 


0. 1000 










r 4 = 


-7. 1595 (Aspheric) 


d4 = 


0. 6000 


n d2 


=1.84666 


V d2 


=23. 80 


r 5 = 


0. 9897 (Aspheric) 


ds = 


0.4137 










r 6 = 


3. 7363 (Aspheric) 


de = 


0. 8851 


n d3 


=1. 52542 


y d3 


=55. 78 


r 7 = 


-5. 0481 (Aspheric) 


d7 = 


0. 5000 










r 8 = 


00 


da = 


1. 0000 


n d4 


=1. 51633 


V d4 


=64. 10 


r 9 = 


00 


ds = 


0. 4010 











r 1 0= 00 (Image Plane) 
Aspherical Coefficients 
2 nd surface 
K =17. 3876 
A4 =-1.3148 X10-' 
As = 1.8184 X10-' 
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A, =-7.5355 xiO" 
A,o= 5.6174 xiO- 

3 rd surface 
K =-3.7592 

A4 =-1.2454 XIO" 
Afi = 3.7010 XIO" 
A, = 8. 2207 X 10" 
A,o=-5. 9303 xlO" 

4 th surface 
K = 0 

A4 = 4.8721 XIO" 
ke =-6.8012 XIO- 
A, = 3.9588 xlO" 
A,o=-4.4794 XIO" 

5 th surface 
K =-7.7969 

A4 = 3.9472 XIO" 
Ae = 4. 5689 xlO" 
A, =-4.3324 xlO- 
A,o= 1.5076 xlO" 

6 th surface 
K = 0 

A4 =-1.2224 xlO- 
As = 1.0558 xlO" 
As =-3. 9962 xiO- 
A,o= 2.0606 XIO" 

7 th surface 
K =-72.0657 



A4 =-3.5925 xlO"^ 
Ae = 1.8804 

As =-4.8241 XIO"^ 

A,o=-l. 9351 X 10-' 



Example 4 



r 1 = 


°o (Stop) 


d, = 


0. 1500 










r 2 = 


-8. 9282(Aspheric) 


da = 


1. 4402 


n d 1 


= 1. 52542 


V d 1 


=55. 78 


r 3 = 


-0. 7917(Aspheric) 


ds = 


0. 2808 










r 4 = 


-5. 1048(Aspheric) 


d4 = 


0. 6000 


n d2 


= 1.70514 


V AZ 


=41.20 


r 5 = 


1. 1356(Aspheric) 


ds = 


0. 4673 










r 6 = 


10. 6525 (Aspheric) 


de = 


1. 2427 


n d3 


= 1. 65156 


V d3 


=56. 20 


r 7 = 


-2. 0845 (Aspheric) 


d; = 


0. 7500 










r 8 = 


CX> 


da = 


1.0000 


n d4 


=1. 51633 


V d4 


=64. 10 


r 9 = 


CO 


ds = 


0. 4096 











rio= °° (Image Plane) 



Aspherical Coefficients 

2 nd surface 
K = 0 

A4 =-1.3190 xlO"' 
As = 1. 2073 X 10-' 
As =-5. 7355 X 10-' 
A,o= 4.7588 X 10-' 

3 rd surface 
K =-2. 7037 

A4 =-1. 1923 X 10-' 
As =-1. 1957 xlO"^ 
Ag = 1.2911 XIO-^ 
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A,o=-l. 1746 XIO"^ 

4 th surface 
K =11. 3677 

A4 = 4. 2870 xlO"'' 
Kb =-5. 1596 xlO"^ 
Ag = 2.6728 xlO-=' 
A,o=-5.2315 xlO-" 

5 th surface 
K =-8. 2739 

A4 =-1. 2967 XIO-^ 
Ae = 2. 5993 xlO"^ 
A, =-1.7965 xlO"^ 
A,o= 3.9816 xlO-=' 

6 th surface 
K = 0 

A4 =-1.4779 X 10-' 
Ae = 1. 2039 X 10-' 
Ag =-3. 6583 xlO"^ 
A,o= 2. 6587 xlO"'' 

7 th surface 
K =-1. 0468 

A4 =-1. 7573 xlO-2 
Ae =-1. 1577 xlO-=^ 
As = 1. 1866 X 10"^ 
A,o=-2. 3216 xlQ-^" 

±iB^sfefij 1 ~4 (DmmMizy ^-i3iyy'TLfzm'^(Di\>Lmm^^ti^timA 

8-115 n^i/TN-To zHibi\>Lmmizis\,^X^ "SA" "AS" li^f 
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<ki^. ±$^^mmmizir3i-y^^n- ( 3 i ) ~ c 3 9 ) om^^^ir, 
^mm i mmm 2 mmm 3 mmm 4 

(31) 0.44 0.48 0.35 0.47 

(32) 1. 16 1.42 1.06 1. 19 

(33) 0. 44 0. 38 0.27 0. 56 

(34) 2. 61 1.76 1.82 3. 33 

(35) -0.60 -0. 68 -0.41 -0. 53 

(36) -0. 08 -0. 19 -0.03 -0.13 

(37) 0.43 1.30 0.21 0.78 

(38) -5.91 -5.60 -4.90 -4.98 

(39) 19.6° 18.7° 29. r 20.0° 

±iB^^»Jci/hM-eS) ^fjit^ih^ El 4 8 5 1 (DH^mWiiZTik-t ^ ^ (3, ^ 

miM) (onn^htmmf^ma{z-D\.^x{t^ ii9~gii ^^mm.\z.Lxmni^ 
^tz^ ms(Dmm(DpjL±(Dnmmiz^\.^x^ -y^^^^^v '^^xmi^Lxi^^i^y 
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>XL 1 PbI. m 1 b>XL 1 ,h^2 U>XL 2rBl. ^2 b>XL 2 ^^3 U>X 

iy-)i^m^mmLxhmt)^ji^^o ^tz^ ^ommt^ p^m. mFim. mm. 

o 

*/-c. hmW^notzibizy :t--i3iy>^^no ^dlzLXhJ:\.\ b> 
C C DOv^ ^ o b>X(7)|Slf ^M^r ^) J;l>o * fc. iSit^jEKz J; 0 Hit 

1115 2 ±tmmm \ m^^m^^^^ t^ommuzmm^n^ccDj.^ 
-J h Qt^^ mm^^x~i^f^mvtziyyxwnzm'm-rsmf^m(D. m%it^%. 
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^^^^ sitmmm(Du>x^7 iz~wm^Lx\.^^o :L(D^oiz-t^t^ urn 

i^^$-^^/■c|t|J4®^l^^j■^ b yxw7iz^(Dm$m^mmLxm^^mz-t;i>zt 

^xtLxi>^< . ^'Si.ni. TO¥is2 1 tmi^m2 2 ^m'itx±i^xm^ 
x#7i>^i;im#$n'i)is{t7t^^.(7)^ 1 lEuvxL 1 (omm^ m\iE\^>xL 

U ^2Mb>XL 2tiAMy:6^'^^TP3ff^. ^ 3 IE b >XL 3 tiR?T^CD U >X 

>XL 1 ~L 3 8 itm'o smizmmLx\.>^o u>x^7 op^mh^o) 

m t iz)^jt^ L TMi^ L xm.m $ n-ri> „ 

\zn^^ir^i^\^(D^^t^^(Dm^mm^^<o^mi5\^\zM)^sir^^^xY) ^^\,^ 

h(0[zmi^-t^:Ltlz^r)^ IS#7t^.^.co^ 1 lEbVXL 1 . ^2mb>XL 2 
. ^ 3 IE b > X L 3 ^ W^>b7lcmi-^D^ -p /-c b > XnmiZ't^ Ztij^X^^ ^^b<^ 
ffi]^-oo/jNMIb*^Tt -1)0 T'cCiJ. zcomxh. b>X#7 |^(i:$S#7^^3^ 5 
lIEbvXL 1 . ^2mb>XL 2. ^3IEb>XL 3 (D^^ (D^\-m S (Dm$^M 
^mmLXm'^^'^^^^iZ-t^Z tX^ b>X/|^7 |^(C{t®#J;6^^> b>XL 1 
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m.mLtzmmtmmi,zmmx^ ^tz^ m3(omm(Dmmmm.i^is\.>xii^ m 
1212 5-0 2 7 ti. m3(Dmmiz^M'^mft^^%:ri^9)v:tiy^^(Dmmyt^ 

^ 4 1 izm.^)2-A.tzmf^(DmitM^^^-t, C^t^v :7 ;U;?7 ^ ^ 4 0 (^^'Hi^ 

^-rmj:^l4?igl. 2 6 ti|W|a::^;$5^^iEI, El 2 7 ti^^v 9 4 0 OtM^ 

-r^af^7t^^4 u yr-( y-^'^-m^^A A^^-r^yr-^ 3 

. .y ^ - 4 5 ^ 7 7>y v^o. 4 6 > ?^^b^;^^-^-4 7I^^^<^. 7 4 

0(D±$i5iciEm$n/cvi'>y ^-4 5 ^j^/i-r-ixi:. ^tnzmmLxmm^^^. 
4 1 . '^ij^(«)5fe^ij 1 m^m^c^^.^mLxmmt^nhti^o mb^^^.a 1 1:: 

^^$/^-a■/i*/^*-:^^XC G^^LTC C D 4 9 (7)ja{iM±{-?fM$ tl-l.o Z(D 
CCD 4 9T'^7t$n/cJ|^#{tCi. MS^IS5 1 ^^L. M#<h LT;!? y ^ 
^^Mi-i^l:^'^n/-c?^B^B^^^-^-4 7{::^^$ti^o C(7)M^I^5 1 
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J;l->o ^tz^ CCD A diz.iXt)'^xmi^y ^ Jl^^mW-Ltzmi^:^ tLxm 

1 ^!jT-$)^/N°Vr3 >7:?N'ia 2 8 ~gl 3 0 {:i^N$tl^„ 0 2 8 Ci/N°V:3 > 3 0 0 c^;?7 
/N^-^P7F^l^/i:HU^f4^^El. 0 2 9 Ci/N-y n > 3 0 0 cDii^T^^^ 3 0 3 (Z^HtMIEI 

. 1113 oti:i2i2 Z(0'^m(ommmx^^, 1112 8 -in 3 o(c^>$n'i>j;-9to. 

3il-r% ^^^- 3 0 2 t±. ll^L^^c^lw^*.y h (JIJ; 0^®;^)^«^MB^•r 

-^- 3 0 2 (0:^±.\z.nM.^^X\^:^-ti^^ ^(^)l§m(-Pg'^-r. ^^^$^- 3 0 2 0 
4^-;Jf- K 3 0 1 (r>wm(r>}i:LX^'oX^x.\^. 
- <^Jif^7t^l^. 3 0 3 ti. ^f^7^S§ 3 0 4 ±li:. ^ 3 (T^^B^d j; ^^±^^51^^^^ 
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2 <h^WLTl^^o dtK^tiM-Vrn > 3 0 0 iZ\HM^ tlX ^ , 

"pMmmom^t^^wx^ y) ^ miitmmttji'^xi^^o ttz^ m^i i 3(D5fe 

i^t^ti^ M!^l^>X\ 1 2 ^{*M-^^/ii6©;!3/^ — 1 1 4 ;6^'@BM$tlTt> 

o 

ti#^^^«y7M 6 2 X^9t^ ntzmWmt^ 6 ^N'Vrav 

3 0 0(DMii^i$i3A;'7$n. «^®#.hLr^z^^- 3 0 2 izm^^^n^. m 
2 8 ^(D 1 LT. mi'^^cDmm^ titzmm 3 0 5 ;6>*^s$nri^^o ^ 

imx^^mm. mzn^mxfizmn^m^mmtms nz^.^n^o us 1 c 
a) ti^^miS4 0 0(DjEmm. ms i (b) wjmh. in 3 1 (c) itm^^ 
0 bcD^mmxib^o mz \ (a) ~ (c) ^3^^$n'SJ;•9^-> ^^^mis 

4 0 oti. m^moy^^m^tLxxtj-t^'r-^ ^^^A 0 1 mmn^cDp^ 

ii^7t^m4 0 5<J:. ^imm^©i^^I^^ft^^T•9T>7^■:^4 oQt. mm 

mci. mzzn^izm^n^ji\.^o ^(Dmmyt^^A 0 5ci. jt^7feii&4 0 7±iz 
^m.^titzms(ommiz^^m^^^^. mxitm^) t^i^tj.^Pim\y>x \ 1 

2 J|^#^t*^7t-r'l.^#m^^«y7* 1 6 2 il^WLTl^^o 

mis 4 0 0 izp^m^nx^^^o 
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0.1<f,/'f<0.55 (31) 

0. 2<f,/f<0.5 (31- 1 ) 
Xb>X\ ^2au>X\ m3iEU>X©Jii(i:ieE$n. <!K(7)^i^^^mtz-tz 

1. 0<(r,f+r,r)/(r,f-r,r)<l. 7 ••• (32) 
tzfzL^ r ,rtl^ 1 IEU>X(Z)tl#fi®(^)7t$A±ffi^^^l. r .rti^ 1 JEUVX 
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c 4 ]. iXo^^^^wz-tz t^nwi,tir^±m3 mm<Dum^^^o 

1. l<(r,f+r,r)/(r,f-r,r)<l. 5 ••• (32- 1 ) 

0.1<f,/f3<0.8 (33) 

0.15<f,/f3<0.7 ••• (33- 1 ) 

1.0<f,-2/f<4.0 ... (34) 

1.5<f,-2/f<2.7 ... (34- 1 ) 

-0.75<f2/Ih<-0.1 ••• (35) 

CIO] <!K(D^i^^%:mtz-r^t^n'^t-t^±%^gBm.(omm^^^o 

-0.65<f2/Ih<-0.25 ••• (35- 1 ) 

-0.25<rzr/r,f<-0.01 •.• (36) 
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o 

-0. 2 0 < r 2r/r ,,<- 0 . 02 • • • (36-1) 

0. 01<| (rif. +r,f. )/'(r,fs-r,f. )-l|<100 

• • • (37) 

tztzL^ r ,rs Itm 1 iEl- >X(Z)!t^#fiM(7)5t$4±ffi^¥fl. r ,f« Ci^ 1 JEU 

[14] '^(Dmi^^%:mfzi-:iti:!^mti-^±iE\ z ^^mco^^^m^^^. 

o 

0. 02<| (r.f, + r,fe )/(r,fs - r.r. ) -1 |<10 

• • • (37- 1 ) 

CI 5] ±iEl -fy^^ \ A (Oi^iM^ \m^ts\.^x^ <Xo:>^i^^^mfz-tzt 

0. 01<| (r,r»+r,r. )/(r,r, - r.r. )-l|<100 

• • • (38) 

:^o:>mmm(Dwmm^^mLtz^m^'i^(D^(D^^^^mm[Hx^^±mm^'^^ 

o 

0. 02<| (r.rs +r,ra )/(r,rs - r,r. ) -1 |<10 

• • • (38- 1 ) 

[17] _bi2 1 ;6^'^ 1 6 (onM-- 1 i!K(Dm(^^^mtz-t:it 
10°<a<40'' ... (39) 
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o 

15°<a<35*' (39- 1 ) 

c 1 9 ] ±iB 1 1 8 (Dmnt^ 1 mtm(oi^myt^?ht. ^(^^Myizge 
~ 5 (omMMm^^n.n(DvyxmMm^^ti^^nm 5 4 -m 5 s ^^^^-r„ 

. H^-S^^OtiS. m IjEbvXtiL 1 . ^2mb>XtiL 2. m3IEb>X(± 

2 Mb >XL 2 . Mfi©MM#^M<7)^ 3 lEb >XL 3 . ij^^—iS'j 

:^CG-t)^hm^^tlX\.^:ho ^^mMmxi^t^ m\ b>XL l~^3b>XL3li 

^T7°^X^>y ^;6^^.?^j:0. ^1 b>XL K ^3 b>XL 3 tiT =E;l/:7 r 
'J^b7>r y^<D^f:^^^v (^ffiig) . 112 b>XL 2C±5i<'; 7?7-.-K;?c^ 

^W^Atl (n-tJ) ti> m2ffir 2 ~^7Mr 7 cDHitz. 0. 6 5 2 mm. 1. 0 
58mm. 1. 2 3 8 mm. 1. 3 3 5 mm. 1. 5 9 2 mm. 1. 8 4 4 mm 



1 2 0 



ifM©^2Mi->xL 2. m\^(D-mmmm(Dm s iEiy y XL 3. ti/-^-is^ 

-7°=7X=f-v b>XL 3 (i#^X;6^t,?^<j:i9. B 1 U>XL 1 itr^Ejvyr 

^fz^ ^nmm(D^±mU^ mMmf = Z. 3mm. h=2. 4mm-t' 

(ittJ) m2Mr2 ~m7MrT (0|lg(^. 0. 6 5 3 mm. 0. 9 
66mm, 1. 129mm, 1. 2 7 1mm, 1. 6 2 7 mm, 1. 8 7 1mm 

S> {iffly(-ifliM^|o]tt/ciaiM#3^®(7)|g 1 iEy^X;?7X U VXL 1 . |35lM]c7)i3|M 
|^3^ffi(7)|g2mb>XL 2 . iS5i£bc7)M®|p^gi(7)0 3 iEU >XL 3 . ib^^-if^ 

xcGt^<bmi^^nx\.>^o ^Hifife^'j-eci. 0 1 b>xL ni7°^x^.y^. m 

2 b>XL 2.0 3 U>XL SI,t:ff'7Xti^i^Uy)^ 0 1 U>XL 1 {tT^JVyy 

^mmm(Di±mi^t^ mMmf = z . 3 mm. mm i h = 2 . a mmx- 

^mWii (infflij) Ci. 0 2 Mr 2 -0 7 Mr 7 OUSt^. 0.6 6 9 mm. 1. 1 
86mm. 1. 3 5 5 mm, 1. 6 2 9 mm, 1. 6 2 1mm, 1. 7 4 1mm 

S. MJ(-aM^|pItt/i]l|ffi^f^j®(Z)0 1 iE^-X:>t7XU>XL 1 . 'mw\mz€i 
ffi^[^lt/-cMM^^^ffi(D0 2M^-X:dXb>XL 2. it^#;{aij(cdiffi^[^l^ /ifS| 
®#M(^0 3 iEy-X:^;Xb>XL 3. 7!7'7XC Gtf^ hm^^tlXK^^b 
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o ^nt^mxHt^ n 1 u>xL 1 3 u > xl 3 ci^t^v «y ^t^hti.y) 

. ^ 1 U>XL 1 . |g 3 b>XL 3 l±T^:;U7TX;i<';::^-b7 >f >|^(7)-fer;i-4^ >y 
i7X. H 2 b>XL 2 Ci*?'; ^b-zif^^^-f h >6^^,i|t^$ nxt^^o 

^^HSfe^iJOttliti:, :^..>^£6ii f = 3 . 3 mm. {til I h = 2 . 4 mmT- 

^W^^l (n-fail) ti. l|2Mr 2 ~^7ffir 7 (O/iitii, 0 . 6 3 5 mm. 1. 0 
32mm, 1. 3 3 5 mm. 1 . 2 4 9 mm, 1. 2 7 8 mm. 1 . 5 4 4 mm 

^^^Si(^|g2mLx>XL 2 . ]aii£b(^Mffi#i*M(^m3iEb>XL 3. ij/^—tf^ 
XC G*^^)ffi^$n-ri^^o *^*fe^'J^Ci. ^1 bvXL l~^3U>XL3t± 
^T7°vX^>y ^ ^> T^cC 0 . ^ 1 U>XL U ^3 b>XL 3 tiT^;l-7 t X;i< 
';^b-7^ >^04f:^^>y i?X. I|2 bVXL 2 {.tuY' ti-Ti(^^ ViS-^m^^ 

s/i. ^'m.m.m(oi±m^t. mm^m f = a . s mm. i h = 2 . 4 mmr- 

^^^ti ()t#J) li. IS2Mr2 ~m7ffir 7 (^flSlC. 0. 6 3 4 mm. 0. 9 
4 7mm, 1. 179mm. 1 . 2 8 5 mm, 1. 4 6 1mm. 1. 7 4 9 mm 

ti^b>XMOffi^¥M. d, . dz -Ci^l^>XMrBl(^ra1PS. na,. naz-Ci 
M?f^^ti. (a) [z^^n^o 

Examp 1 e 1 

r , = oo(stop) d , = 0. 1500 

Tz = -6. 6854 (Aspheric) dz = 1.3215 na. =1.52542 i/ai =55.78 
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r 3 = -0. 7303(Aspheric) 
r 4 = -30. 0120(Aspheric) 
r 5 = 0. 7826(Aspheric) 
r 6 = 3. 0717(Aspheric) 
r 7 = -3. 9927(Aspheric) 
r 8 = °o 
r 9 = °° 

r 1 0= °o (Image Plane) 
Aspherical Coefficients 

2 nd surface 
K =-27.8001 

A4 =-1.7921 X 10-' 
Ae = 2. 8337 X 10-' 
As =-1.0853 
A,o= 8.9415 X10-' 

3 rd surface 
K =-2.9582 

A4 =-1.4120 X10-' 
Ab = 2.7136 xlO"^ 
As =-3.8084 xlO-» 
A,o=-1.4846 XIO-^' 

4 th surface 
K = 0 

A4 = 3.3297 xlO-=' 
Ae =-3. 4902 xlO"^ 
A, = 1.8527 XIO"^ 
A,o=-2. 0576 XIO"' 

5 th surface 



ds = 


0. 1459 




d4 = 


0. 6000 


n dz 


ds = 


0. 6381 




de = 


1. 1734 


n d 3 


d7 = 


0. 5000 




da = 


1.0000 


n d4 


ds = 


0. 2812 





= 1. 58423 =30.49 
= 1. 52542 i/d3 =55.78 
= 1. 51633 Vd4 =64. 10 
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K =-4. 8798 
A4 =-1.8292 xlO-'= 
As = 4. 0871 XIO"^ 
As =-2.4150 X10-' 
A,o= 5. 4240 xlO-^* 

6 th surface 
K = 0 

A4 =-7. 1823 X 10"^ 
Ae = 2. 6857 xlO-^ 
As =-4. 1832 X IQ-" 
A,o=-4. 5583 XIQ-^ 

7 th surface 
K =-35.0647 

A4 =-4. 3006 XIO"^ 
As = 1.6318 XIO-^ 
As =-1.5380 xlO-=' 
A,o=-4. 1595 X 10"" 



Example 


2 












r 1 = 


00 (Stop) 


d . = 


0. 1500 








r 2 = 


-11. 2515(Aspheric) 


d3 = 


1.0585 


n d 1 


= 1. 52542 


2^di =55.78 


r 3 = 


-0. 7488(Aspheric) 


d3 = 


0. 1029 








r 4 = 


-10. 6642(Aspheric) 


d4 = 


0. 6000 


n d2 


=1. 58423 


Vaz =30.49 


r 5 = 


0. 8605(Aspheric) 


= 


0.6195 








r 6 = 


4. 8797(Aspheric) 


de = 


1. 1406 


n d 3 


= 1.65160 


Vds =58.50 


r 7 = 


-3. 7876(Aspheric) 


dr = 


0. 5000 








r s = 


00 . 


ds = 


1. 0000 


n d4 


=1. 51633 


y d4 =64. 10 


r 9 = 


00 


ds = 


0. 4690 
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r 10= CO (Image Plane) 
Aspherical Coefficients 

2nd surface 

K = 2.0583 

A4 =-1. 9830 X 10-' 

As = 1.8892 xlQ-' 

Ag =-9.9116 X10-' 

Aio= 7. 9724 X 10-' 

3 rd surface 
K =-3.0167 

A4 =-1.8704 X 10-' 
As =-3.0791 XIO-^' 
As = 8. 4573 xlO"'' 
A.o=-9. 1810 XIO"^ 

4 th surface 
K = 0 

A4 =-2. 2863 X 10-' 
Ae = 5. 3472 xl0-=^ 
A, = 2. 1013 XIO"^ 
A,o=-l. 1119 xlO"^ 

5 th surface 
K =-5. 5091 

A4 =-5. 6563 xlO-=» 
As = 3.3297 xlO"^ 
Aa =-6.8881 XIO"^ 
A,o=-1. 7940 xlO"'' 

6 th surface 
K = 0 

1 2 5 





A4 =- 


-4.4850 X 




Ae = 


2. 5395 




As =- 


-7.4272 xlO-^ 




Ai 0 = 


6.7279 XIO"" 




7 th 


surface 




K = 


-21. 8659 




A4 =■ 


-3. 2435 xlO-^ 




Ae = 


1.3768 xlO"^ 




A« =■ 


-2.4795 xlO"'' 




A,o=- 


-8.2440 X 10-' 


Examp 1 e 


3 


r 1 




CO (Stop) 


r 2 




-9. 6637 (Aspheric) 


r 3 




-0. 7070 (Aspheric) 


r 4 




-5. 3549 (Aspheric) 


r s 




0. 9397 (Aspheric) 


r 6 




8. 2853 (Aspheric) 


r 7 




-1. 9020 (Aspheric) 


r 8 




00 


r 9 




00 


r 1 


0- 


00 (Image Plane) 


Aspherical Coefficients 




2ncl 


surface 




K = 


0 




A4 = 


-9. 9322 xl0-== 




ke = 


2. 1958 xlQ-' 




A, = 


-7.8548 xlQ-' 



d, = 


0. 1500 




d^ = 


1.7096 


n d 1 


d3 = 


0. 1410 




d4 = 


0. 6000 


n d2 


ds = 


0.5132 




de = 


1.0344 


n ds 


dr = 


0. 5000 




ds = 


2. 0000 


n d4 


ds = 


0. 3328 





=1. 52542 va, =55.78 

= 1.70514 vaz =41.20 

=1. 58913 2yd3 =61.20 

= 1. 51633 2^d4 =64. 14 
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A,o= 8.3313 xlO" 

3 rd surface 
K =-3.2352 

hi =-1.3113 xlO" 
Afi = 5.7473 xlO" 
A, =-3. 8798 XIO- 
A,o= 1.4136 XIO- 

4 th surface 
K =12.4633 

= 1.7636 xlO- 
Afi =-5.3676 xlO" 
Ag = 3.4664 xlO" 
A,o=-4. 4294 xlO" 

5 th surface 
K =-8.4376 

A4 =-6. 5555 xlQ- 
Ae = 4.5259 xlO- 
Ag =-2.4528 xlO" 
A,o= 3.5103 xlO" 

6 th surface 
K = 0 

A4 =-1.5802 XIO" 
Ae = 1.2860 XIO- 
Ag =-3.9408 xlO" 
A,o= 3. 1658 xlO" 

7 th surface 
K =-2.5549 

A4 =-3.2613 xlO- 



Ae =-2. 0838 X 

As = 2. 3457 xlO"^ 

Aio=-4.0787 xlO-» 

Examp 1 e 4 



r 1 = 


«> (Stop) 


d. = 


0. 1500 










r 2 = 


-3. 7560(Aspheric) 


dz = 


1. 1970 




= 1.52542 


V d 1 


=55. 78 


r 3 = 


-0. 7727 (Aspheric) 


da = 


0. 1000 










r 4 = 


6. 2100 (Aspheric) 


d4 = 


0. 6000 


n dz 


=1. 58423 


V d2 


=30. 49 


r s = 


0. 9511 (Aspheric) 


ds = 


0. 5038 










r 6 = 


4. 51 16 (Aspheric) 


de = 


0.7107 


n d3 


=1.52542 


V d3 


=55. 78 


r 7 = 


29. 5761 (Aspheric) 


dr = 


0. 7000 










r 8 = 


OO 


ds = 


1.0000 


n d4 


= 1. 51633 


2/ d4 


=64. 14 


r 9 = 


oo 


ds = 


0. 3371 











r 1 0= °° (Image Plane) 
Aspherical Coefficients 

2 nd surface 
K = 1.8547 

A4 =-1.9182 X10-' 
Ae = 1.5418 X10-' 
A, =-6. 5395 X 10-' 
A,o= 5.0643 X 10-' 

3 rd surface 
K =-2. 9572 

A4 =-1.5178 X10-' 
As =-1. 5283 xlO"^ 
A, = 5.6949 xiO-'^ 
A,o=-5. 1828 xlO'^ 
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4 th surface 
K = 0 

A4 = 5.6577 XIO"^ 
As - 3.2526 xlO"^ 
As =-1.9586 XIO"'' 
A,o= 2.2295 X 10-' 

5 th surface 
K =-6.2752 

A4 = 4.2023 X 10-' 
As = 4. 1358 XIO"^ 
As = 4.5499 X 10-' 
A.o=-9. 1887 X 10"' 

6 th surface 
K = 0 

A4 =-3.9926 XIO"^ 
he = 3.5414 xlO"^ 
As =-1.9119 xlO-^ 
A,o= 2.5213 X10-' 

7 th surface 
K = 0 

A4 = 4.4096 XIO"^ 
Ab =-1. 3953 xlO-^' 
As =-1. 1535 xlO"'' 
A,o=-1.3319 XIO"" 



Example 5 

r , = 00 (Stop) d , = 0. 1500 

rz = -4. 2723(Aspheric) dz = 0.9859 na, =1. 52542 v^, =55.78 



1 2 9 



r 3 = -0. 7970(Aspheric) 
r4 = -20. 1610(Aspheric) 
r s = 0. 9497(Aspheric) 
r 6 = 4. 6739 (Aspheric) 
r 7 = -2. 3387 (Aspheric) 
r 8 = oo 
r 9 = °° 

r 1 0= °° (Image Plane) 
Aspherical Coefficients 

2 nd surface 
K =22.5176 

A4 =-1. 8700 X 10-' 
Ab = 2.8089 X 10-' 
As =-1.1438 
A,o= 9. 2846 X 10-' 

3 rd surface 
K =-2. 5781 

A4 =-1. 5623 xlO"' 
As =-7.6367 xlO-2 
As = 9.3334 xlO"^ 
A,o=-8. 7816 X10-' 

4 th surface 
K = 0 

A4 =-5. 1907 X lO-^" 
Ae = 8.8894 XIO-" 
As = 1.7568 xlO"^ 
A,o=-3.6261 xlO-^ 

5 th surface 



d3 = 


0. 2057 




d4 = 


0. 6000 


n d2 


ds = 


0. 4803 




d6 = 


1. 2757 


n d 3 


d7 = 


1. 0000 




d, = 


1. 0000 


n d4 


ds = 


0. 1430 





= 1. 58423 Vd2 =30.49 
= 1. 52542 Vd3 =55.78 
= 1. 51633 Vd4 =64. 10 
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K =-5.2062 
ki = 4.3573 xiO"'' 
As = 1. 1495 XIO"^ 
As =-1.2427 xlO"^ 
A,o= 4.9772 xlO-=' 

6 th surface 
K = 0 

A4 =-4.4377 X 10-' 
As = 4.4915 X 10-^ 
As =-1.6658 xlO"^ 
A,o= 8.7133 xlO"'' 

7 th surface 
K =-5.5015 

A4 =-2.6667 xlO-'' 
As = 5. 1523 xlO-^" 
As = 5.8435 xlO"' 
A,o=-2. 1188 XIO-'' 

mm. "DT" ciMftjRM. "cc" cii^^feiixn^^s-To itz^ ^i^mm^ 
{^(-. ±m^^mmizisi^^m^ ( 4 1 ) ~ c 5 1 ) ©fs^^-To 





HSfe^'J 1 


nmm 2 


mmm 3 


HSfefiJ 4 




(41) 


-0. 37 


-0. 39 


-0.40 


-0. 20 


-0. 49 


(42) 


-0. 13 


0. 13 


0.63 


-1.36 


0.33 


(43) 


0.46 


0.44 


0. 17 


0. 77 


0. 34 


(44) 


0. 25 


0. 18 


0. 11 


0. 21 


0. 20 
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/ y1 IT \ 

(45) 


0. 18 


0. 20 


0. 37 


-0. 026 


0. 34 


(46) 


1. 5254 


1. 6516 


1. 5891 


1. 5254 


1. 5254 


(47) 


1. 25 


1. 14 


1. 16 


1. 52 


1.46 


(48) 


-0. 54 


-0. 56 


-0.45 


-0.82 


-0. 64 


(49) 


2. 68 


3.82 


2. 12 


5. 18 


6. 12 


(50) 


7.61 


24.86 


3. 90 


7. 55 


9. 10 


(51) 


20. 0° 


19. 2° 


20. 0° 


33. 0° 


20. 0' 



itMit) (Dpin-^L trnmrnmaiz-Di^xi^t. 1119-1111 0 ^mmizLxmmL 



1 3 2 



>XL 1 m 1 bvxL 1 tm2 uvxl 2r^^ %2 b>xL 2 <h^3 b>x 

o 

X^^#^^0lliLT-7.i--:?7X^^T^T^cfcl^L. — ^(7)b>X^^0ai-r;6^ 

cfc O^M-r-Sck 9t-L-r ^jckl^o 0iJ^ti\ ##Jgtiii5lj-<l)7t^©AI*llti:'^*3-li: 
C C D(7)-7'f U>XOi^f+^E^T*)ctl>„ J; 9 

11 4 2 ti. ±iB^]!ffefij 1 (D^^myt^^. 5 ^ I (^geg$ n-?> c c d e ^ 

^> ^fli*^-e-#^JgL/ib>X#7(::@^-r^ltfiJc^'Jo. IS^t^^^ 5 (Z)7^li 

-i, U>X#7 (7)M3t75^*#^(::7^c):^o ^/c. b >X# 7 (3B^-I> $^0 S (^^igc^- 
m^cDc CD &(Dm^mm^m^^^^:itx-^ b>x#7i^-\zr^^;6>*BAL 

ttz^ mA 2t^ibm^:^^fJi^di:L. 5 1 IEb>XL U ^2^ 



1 3 3 



-t? t ^ ct 9 ^j: -i) o 

xwim^un^ti^mm^^^fDm i ieuvxl i <7)?B«{i. ^ iieu>xl 

K ^2mb>XL 2 tiAMJ^-'^.^rRff^. ^3IEb>XL 3(±RJf^(Db>X 
>XL 1 ~L 3 8 (i^O S#J(i:M$4L-ro^„ b >X# 7 (Z)P^® ^) ^(D 

^>h(Dizmm-t^ z tiz^ ^ ^ m'^%^^(r>% i ieuvxl i . m2mb>xL 
2. ^3iEb>xL 3 ^w^jij^mt-^ao/cbyx^fff^ic-r-^iii^^'T-^. y^u 
-)r>i\^m.{c.t^x t<iis^ z (Dm xh. b > x^ ? p*^ (zisftTt^^ 5 © 

UliEbvXL W 2M.\^>XL 2 ^ ^3jEb>XL3 (D^^j^ 8 (Dm$^ 

M^r^i^LTH^^-ti:^^ ^(z:-r^i<h-e. b >X# 7 p^MtMfflij56^b b >XL 

^/i. B^^^^D S cDirlDOjiiaMli. El 4 2 CD©Tffilll(-^^-r=l: 9 1/>X 

^^oiz-t^ztx^ m^^m.'o s(Dmou(DnmmxKmLtz^mtmmmj' 
(DccD eizxmLm<t^K)^ ^-y^v(DW>^^\^m.-t^ztt>^u\mz 

\^A±(Dm A (omm(D^mmmizio^^x ^a^iei i i -la 1 4 ^mmizLx 
mmLtzmmtmmizmmx^^o mA(D^m(omi^mm.izisi^xh. m 
1 5 -IE) 2 4 ^mmjzLxm,mLtzmm<>tmmizmmx^ %mu^ mi(Dm 



1 3 4 



^4 nc|i<^iAA7^c1tfigOffi.'^.0^7F-ro 0 2 5 Ci7"v^;b7?7y ^ 4 0<D9Vm^ 
^^■tmy5$^Um. 0 2 6 «|a^^^i4a0. 0 2 7 l>tTi?^)Vi3 y ^ 4 0 c^^lt^^ 
^-rillTffi0l?S)^o T-'v^?;!^;?? 7* 7 4 Oti. dtZ^^JO^-^. ffi^ffl7t8S4 2 *W 

-r^*fif^7t^i^4 K yr-( >r-m^mA A^m-r^yr-( yr-^^^.A z 

. V ^ - 4 5 . 7 V 'y 4 6 . m^a^Tj^'E =. 9 - A l^^a^. t) ^ ^ A 

4 1 . m^itnmm i (D^myt^^^mLxmmmjiDn^o mmyt^^A i 
CCD 4 9T-^7t$n/-ct)#{tci. ^a^i^5 1 ^/^L> m^mmtLxi^ 

X ^ ^ ^ u - - b\ M o H J: 0 fi^ (3iBii»i2i ^ ^ J: d imm LXh 



1 3 5 



/ ^° 7 — ^ J# o /"c U > X ^ ffl ^ T ^) J; I ^ „ 

1 ^J-t?S)'l>/N'V=3 >*^|gl 2 8~ll 3 0 iZTjk^n^o m 2 8 Ci^N-yrn > 3 0 0 CO* 
^ ^' - ^ I >/:rBi| ^.^4^^111. m 2 9 ti/N" V n > 3 0 0 3 0 3 (OirMIl 

. 3 0 tiin 2 8 (D:\j^m(Dmmmxib^o m 2 s -la 3 o izTr^^n^^o 
m7j<=km^ L fzmmm^^^^'ptm^$^ t . it fg ^^^^^ izm^^-t ^^=-^-z 

CRT7='-< xru^^T'*oTJ:t>o ^tz^ ffif^T^^m 3 0 3 Ci. t 

-^- 3 0 2 (7)*f±{::|^jl$nTl^^;6^ ^ (D)^m[zm^-f\ tr^^- 3 0 2 0 

Cc^ii^Tfe^mS 0 3li. iif^7^S&3 0 A±.\.z^ ^ 4 (D^B^lc J; >i,|S#7t^|^ 

(n-^tiBSiB) ^^'^.i^cC^^j^bvx 1 1 2t. m^^^ir^mmm'f'^yy' \ 6 

2 <h^WLTl>-l)o .in'^(i/N°y :3 > 3 0 0 (3P*g^$ tlTl^-So 

-:^/^XC G^M^Spfi^Ciii 91^1:3-'^ tiT^SIto-^.y h i 6 0 tLX—mzmm^ 
^tg(;:=^d;oTt^^/-c46. ^t)l^>Xl 1 2 ^ -y 7° 1 6 2 cDcf^.u-^b-a: 

^izit^ ^l^bVXl 1 2 ^<*M-r i6(7)>b/^-#^X 1 1 4*^gBM$nTl^ 

Ji#^^^«yn 6 2x^^^nfzmi^mt. i e 6^/^LT. ^\°vi3> 



1 3 6 



imx^^mm. m^n-^rnxfizmmjim^mmtms nzTj^^n^o mz i ( 
a) i^tm^mmA o ooiEmm. 031 (b) tiiUMs. 113 1 (c) itmm^ 
0 b(Dmmmx^^o mz \ (a) ~ cc) f::^N$ti^i;-9(-> ^^mis 
4 0 oti. mr^^(Dp%:mntLxxti-t^^^c7^^A 0 mt^m^cD^^ 
i±i;^;-r^xt'"-^gM 0 2^. m^m7bmm^xtf-t^xti9^4 7)VA ost^ 

„ zzx^ ^-^-4 0 Ai.tm^Bm^-M'T'X^^o g|>43. #^tfi£(^iBg^a[ 

gii. mzzni^izm.i^ntj:\,^o zcDmmyt^^.A 0 5ci. ^^7tg§4 0 7±k 
mtS4 0 0 (oP^i^^tiTi^^o 

ZZX^ m^m^^-jy°\ 6 2±{clia-/N°x-7 ^ ;U^-'f'Pffl^t#/-c-ti:A:*/^ 
-#7XC G^ijM^JOfl^l-BfiO^C^ <^nT^{tJ-^<y h 1 6 0 tLX—m^Mf^^ 
tl. ^!ti|^U>Xl 1 2cD$I#l 1 3 (D^^^^^'7 >^ >y ^-??|Ri?)i2i^tl-rlXi9^^lt 
^tiHzU':,X^^^tzl5b^ nm\yyX \ 1 2 ilS{t^^^-y 7* 1 6 Kf^'^'U^io^ 

5St-Ci. ^t)l^>Xl 1 2^mm.-t^1z}b(r>fi>^ — iJ^7.\ 1 4 ;6^'@eg$tiTl> 

-So 
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-0.55<f2/f3<-0.1 (41) 

o 

-0.5<f2/f3<-0. 15 •••(41-1) 

xu>x^ ^2mb>x\ m^jEuyxcomiz^m^ti^ AcDm^^^kmz-tz 

-2. 0< (r3f+r3r)/(r3f-r3r) <0. 85 • • • (42) 
0 . l< B 3 < \ . 0 (43) 
tztzL. r 3ftim 3IE^>X(7)^j^##jMC07t$ft_hft^¥^l. r3rti^3iEU>X 

©Mij®07tib±ffi^4^ti. /3 3 (>tmzsE\^yx(Dmmmx^^, 

-0. 9 5<(r3f+r3r)//(r3f-r3r)<0. 8 5 

• • • (42- 2 ) 

C 5 ] B 3 IE U >XCiJt^#tl(i:a(7)y -X xmmmx^ 19 . 
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-2. 0<(r3fH-r3r)/(r3,-r3r)<-l. O--- (42- 4 ) 
0.2</33<0.8 ... (43- 1 ) 

0 . 1 < r zr/ r 3f< 1 . 0 ... (44) 

o 

0. 1 < r zr/r 3f< 0 . 5 ... (44-1) 

C 9 ] _hiB 1 8 (DisiM> 1 ^{c*5i,>-r. <X(D^i^^=kmtzi- Z t 

- 0 . 2 5 < r ,r/r 3r< 0 . 6 ... (45) 

CIO] ±159 1::*51m:. <k(D^i^^=^mtz-t Z t ^!^l^t-r 
-0. 2<r,./r3r< 0. 4 5 ... (45- 1 ) 

CI n ±i^\t^'h\0(DmM^\mi^isi^x^'A<o^^^^mfz-tzt 

1.40<n3<1.66 ... (46) 

CI 2] ±isi iici3i>-c. <!K(D^^^^mtz-rzt^nmt-t;i,^m^ 

1.45<n3<1.60 ... (46- 1 ) 
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1. 0< (r,f+r,r)/'(r,f-r,r)<2. 5 • • • (47) 

[143 ±15 1 Zlzisl^x^ <X(D^^^^mtzirzt^W^t-t^^m^ 

1. 0< (r,f+r.r)/(r,f-r,r)<l. 7 • • • (47- 1 ) 
CI 53 ±iB7li:iDt.>T. ^XO^^^^mzir z t ^!^mt-r ^^-^m^^ 

-1.0<f2/Ih<-0.05 (48) 

0. 01<l (r3,s+r3ra)/(r3f. - r3fa)-l|<100 

• • • (49) 

0. 05< I (rzfs + r2fa ) / (rzrs - rzfa ) -1 I<1 0 

• • • (49- 1 ) 

C 1 8 3 ±12 1 t^ ib 1 7 (OmM^ 1 miZiSK^X^ < thm 3 iEl- >X 

o 
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0. 01<| (rara+rar. )/(r3r. -Tar. )-l|<100 

• ♦ • (50) 

fztzL^ Far, ^t%ziEv>x(Dnm\^is\.^^m^±.^m'^m^ r,r. itmz 

sEi^yxcD mmmo ww^m ^^fM^Ltz^m^^^^cofpcD mM^M (o^^m tm^M-r 

ci 9] ±iBi 8i3i5i>T. <!K<Dm^^^mz-tzt^!mm.tir^mm^ 

0. 05<| (r3rs+r3pa)/(r3rs-r3ra)-l|<10 

• • • (50- 1 ) 

[20] ±12 \:^^i^2 0 (D^M^ 1 3Stc*5l^r. AcD^^^^mtzirzt 
10°<a<40° ... (51) 

fz tzL^ a ti mi^mn ^ ni- ^ omm^o) xmn m -e ^ ^ „ 

C2 n ±15 2 oiiiiji^-r. (ko^if^^^mtzir z t ^!mmt-t ^^myt 

15°<a<35° ... (51- 1 ) 

[22] ±ie 1 ^^t> 2 1 (dhm^ 1 mmm(of^^^^mt. ^ommizw. 
^ATiz^ m 5 (Dmm(D^myt^^.(Dnmm 1 ~ 5 iz-Di^xmrn-t^o mmm 1 

. B^'I.^^OtiS. m liEUvXtiL 1 . m2mu>XtiL 2. maiEbvxHi 



1 4 1 



XL 1 3 b>XL 3 ti^Tr^X^>y Wl b>XL U ^ 3 b 

>XL 3 ld:T^:;l.7TX*°U^b7^ >^0-tf^^>y . ^ 2 U > 

XL 2 ti^tfi; h*^^)^^$tiri>^o 

S /i. 2p:^j^fiJ(7)tt1it±. ^..'^Sgilf = 3 . 3 mm. Iti^ 2 . 4 mm^^^ «9 . 

mm, 0 . 9 5 3 m 

m, 1. 3 4 1mm. 1 . 2 4 5 mm, 1. 4 3 8 mm, 1. 8 8 4 mm-eS)'?> 

o 

S. liEp'-X:;?7Xb>XL U t)MJ(^i£lj 

ffi^rSll:J-/-c]S5®|P^M(^^2:^p'-X:>?7Xb>XL 2. !|^#tJ{::[£bffi^[^(:^fc|35 
®lf^®(75||3iEy— X:*XU>XL 3. :b /^—iy'^y Gt^ i^mf^^ tlXi.^^ 
o ^mmmXHt^ m l b>XL l -^2 b>XL 2(i;?f^X.^3 l/VXL 3(± 
7°^x^«y ^iphti^)^ 113 b>XL Zi,tr=E)vyr^yi-°V^uy^ ^y^uy^ir 

^/c. 2^^Jfe^y(Z)tt^iti. ^...^Sgilf = 3 . 3mm. {t,^2. 4mmT^S)9. 
¥i®llw=3 6° c^jr^tDT^^^.T-^^o ^/c. #b>X(7)^tl^^n(D7fe^W^ 
OtffliJ) ti. ^2Mr 2 ~|l7®r 7 0. 630 mm. 0. 942m 

m, 1 . 2 4 5 mm, 1 . 2 0 2 mm. 1. 3 5 0 mm. 1. 5 9 9 mm-e$)'l> 

o 

ffi$r|Sll:)-fc]3|MIP3^M<^^2m^^X*XU>XL 2. Mi£b(^l^®^P^®c7)m 3 
iEb>XL3. tif^—iS=;:^QGi:i-^%^^t\,X\^^, ^%W\X\,%^ ^1 b> 
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XL 1 -^3 U>XL 3 li^rr^X^^y ^■ti^ih>ti^^ W 1 b>XL 1.^3 1- 
>XL 3t±T^;b7TX4^"';^U7^ >mcD-tf;e-:^«y :7 X (^iSiS) . |g 2 b > 

t.fz^ ^'mm^\(D^±mit^ mMmf = ^. 3mm. mm2. 4mmT^$)0. 
¥iii^aj=3 6° (T^/A^cD^t^l^-efe'So ifc. # b >XcD^n-e^ti©^^^SIJ 
t§ (Mi) ti. Il2ffir 2 ~ll7Mr 7 ©Jlgtc. 0.6 4 0mm. 0. 9 8 6 m 
m. 1. 2 2 6 mm, 1. 2 5 2 mm. 1. 8 4 5 mm. 2. 0 b Zmm-^^^ 

o 

Ci^U>Xffi(Z)ffi^^^5. d, . -ti^U^XMrBlt^r^H. na.> n^z-it 

#lx>X(Z)d^(7)M*T^. Vd,. Vd2-ti^b>X(^)T^y '^^-e^'So ^J::te> If 
^ffiff^^Ci. (a) (^^$^-1)0 

Example 1 



r 1 = 


« (Stop) 


d, = 


0. 1200 










r 2 = 


-2. 6726 (Aspheri c) 


da - 


0. 9687 


n d 1 


= 1. 49241 


V d 1 


=57.66 


r 3 = 


-0. 9138 (Aspheri c) 


da = 


0. 1000 










r 4 = 


2. 8532(Aspheric) 


d4 = 


0. 8000 


n dz 


= 1. 58423 


V d2 


=30. 49 


r 5 = 


0. 9461 (Aspheri c) 


ds = 


0. 6800 










r 6 = 


3. 3561 (Aspheri c) 


de - 


1. 2969 


n d 3 


= 1. 49241 


y d3 


=57. 66 


r 7 = 


-5. 5439(Aspheric) 


d7 = 


0. 5000 










r 8 = 


oo 


d, = 


1.0000 


n d4 


= 1. 51633 




=64. 14 


r 9 = 


CX3 


ds = 


0. 1749 











r 1 0= °° (Image Plane) 
Aspherical Coefficients 

2 nd surface 

K = 0 

A4 =-1.2923 X 10-' 
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Ae =-2.6271 XIO- 
As =-7.6282 XIO" 
A,o= 0.0000 

3 rd surface 
K =-2.6868 

A4 =-1.5367 XIO" 
ks = 5.0013 xlO- 
Ag =-4.5494 XIO" 
A,o= 0.0000 

4 th surface 
K =-18. 3300 

A4 = 8.0480 xlO- 
Ab =-8.9950 XIO" 
Ag = 7.8434 XIO" 
A,o= 0.0000 

5 th surface 
K =-4.2745 

A4 = 2.7143 xlO" 
Ae = 1.4933 xlO" 
Ag = 1.3242 xlO- 
A,o= 0.0000 

6 th surface 
K =-34. 8663 

A4 = 3.2814 xlO- 
Ae =-4.4307 xlO" 
Ag = 2.3091 XIO" 
A,o=-5. 9202 XIO" 

7 th surface 



K = 7.2292 

A4 = 1. 3056 XIO"^ 

As = 2. 3976 X 

As =-1.2672 X 10-' 

A,o=-8. 5404 XIO"'' 



Example 2 



r 1 = 




d , = 


0. 1500 










r 2 = 


-3. 5483 (Aspheric) 




0. 9441 


n d 1 


= 1. 52542 


V di 


=55. 78 


r 3 = 


-0. 7869 (Aspheric) 


d3 = 


0. 1000 










r 4 = 


5. 1411 (Aspheric) 


d4 = 


0. 6000 


n d2 


=1. 58423 


V d2 


=30. 49 


r 5 = 


0.8668 (Aspheric) 


d5 = 


0.5579 










r 6 = 


2. 7069 (Aspheric) 


ds = 


0. 7310 


n da 


= 1. 52542 


V ds 


=55. 78 


r 7 = 


40. 9062 (Aspheric) 


d7 = 


0. 5000 










r 8 = 


00 


d8 = 


1. 0000 


n d4 


= 1. 51633 


V d4 


=64. 10 


r 9 = 


00 


ds = 


0. 5575 











r 1 0= «^ (Image Plane) 
Aspherical Coefficients 



2nd 


surface 




K = 


4.8164 




A4 =• 


-2.0149 


xlO- 


Ae = 


1.6121 


xlO- 


As =• 


-7. 0842 


xlO" 


Ai 0 = 


4. 7295 


xlO" 


3rd 


surface 




K = 


-3. 2085 




A4 =■ 


-1. 9378 


xiO" 


Ae = 


-1. 2206 


xiO" 
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As = 


8. 1481 


xlO" 


Ai o=- 


-1. 0139 


xiO" 


4 th 


surface 




K = 


0 




A4 = 


5. 3097 


xlO- 


Ae = 


2. 9052 


xlO- 


As =- 


-1.8627 


xlO" 


Ai 0 = 


1.7525 


xiO" 


5 th 


surface 




K =■ 


-5. 2416 




A4 = 


3.9126 


xlO- 


As = 


3. 2573 


xio- 


As = 


2. 9813 


xiO" 


A.o=- 


-7. 9290 


xlO- 


6 th 


surface 




K = 


0 




A4 =- 


-8. 4473 


xlO" 


Ae = 


3. 2379 


xio- 


As =- 


-1.0481 


xlO- 


A,o- 


2. 9594 


xiO" 


7 th 


surface 




K = 


0 




A4 = 


1. 3909 


xlO- 


ke =■ 


-9.6102 


xio- 


As = 


1.8961 


xlO" 


Ai o=- 


-9.8080 


xiO- 



Examp 1 e 3 



r I = 


°° (©ci^ ) 


d , = 


0. 1500 










r 2 = 


-4. 4414 (Asphenc) 


dz = 


I. 0851 


n d 1 


=1. 52542 


V d 1 


=55. 78 


r 3 = 


-0. 7656 (Asphenc) 


da = 


0. 1025 










r 4 = 


7. 3594 (Asphenc) 


d4 = 


0. 6000 


n d2 


= 1. 58423 


V d2 


=30.49 


r 5 = 


0. 8221 (Asphenc) 


ds = 


0. 8483 










r 6 = 


3. 5100(Aspheric) 


de = 


1. 1893 


n ds 


=1. 52542 


2/ d3 


=55. 78 


r 7 = 


-5. 2488(Aspheric) 


dr = 


0. 5000 










r 8 = 


CO 


ds = 


1.0000 


n d4 


=1. 51633 


V d4 


=64. 14 


r 9 = 


CX) 


ds = 


0. 1653 










r 10 = 


oo (Image Plane) 















Aspherical Coefficients 

2 nd surface 
K =-2.6276 

A4 =-1.8738 X 10-' 
Ae = 1.9184 X10-' 
As =-8.9468 X 10-' 
A,o= 7.5040 X 10-' 

3 rd surface 
K =-3.0386 

A4 =-1.7124 X10-' 
Ae =-1.4963 XIQ-' 
Aa = 2.4987 xl0-== 
A,o=-4. 2838 xlO-2 

4 th surface 
K = 0 

A4 = 5.9413 xlO-3 
As = 1.5563 xlO-2 
As =-3.3203 xiQ-' 
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A,o= 1.6576 xlO"" 

5 th surface 
K =-4.8199 

A4 = 1.5380 XIO"^ 
As = 2. 1836 X 10-' 
As =-1.2885 X 10-' 
A,o= 3. 1166 xlO-^ 

6 th surface 
K = 0 

A4 =-4. 6658 X 10-' 
As = 2. 1561 xlO-'' 
As =-4.3006 xlO"" 
A,o= 1.7143 xlO"^ 

7 th surface 
K =-57.2784 

A4 =-3.2297 X 10-' 
Ae = 1.4832 X 10-' 
As =-1.5028 xlO-^ 
A,o=-1.6629 xlO"" 



7 -me dizTTs-to ^t^^>l|)lM|gl^3i^l^-c. "SA" ti^M^ix^. "AS" 

d^iz^ ±m^mmmiz.^{^^^^ ( e 1 ) ~ c 7 1 > (Dm^^s-to 
nmm 1 mmm 2 mmm 3 

(61) -0.32 -0.15 -0.10 

(62) -0.97 -0.91 -0.93 
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n Q R 

U. 00 


1 OA 

1. 9U 


O 1 A 

2. 10 




n a A 
-U. b4 


-U. o4 


A OA 

-0. 39 






1 1 A 

-1. 14 


-0. 20 


Ibo; 


1. 99 


1 A 1 

1- 41 


1. 25 


(o7) 


IT AO 

5. 98 


1 ^ r 

1. 65 


1. 84 


(68) 


4. 30 


3.85 


3. 30 


(69) 


2. 03 


2.84 


5. 15 


(70) 


2.08 


0. 34 


15. 06 


(71) 


21. 6° 


29. 8° 


18. 7° 



>XL \ m \ 1^>XL \ tm2 U >XL 2 Pal^ ^ 2 b >XL 2 3 U >X 
L 3rB^. ^3 b>XL 3 ^{t® I rBl(^^5incDit0f(-7 UT^O ^gB®L-r*)a:lN 

m^^xy vrm'o ^mfS.Lx h tfz^ y^^mzmmwmLx mmtx 

LXh^^\ 
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miotuK^o ■x';u^3i- h-eS)nci. ?Am6^(-=>'-x -7 bT^^M-et-SOT* 

o 

E) 7 0 ±iB^wj 1 (D^^myt^3f, 5 ^^cDitffi I iz^m^n^ c c d j^- 
x^7 s#:(cii^^^(7)c c D^-^t>c c D:x^.y b 6 (Dm^mM^m^^'^ ^ 

.hl::i:0> b >X^ 7 MtMtJ*^ U >XL 1 ~L 3 LiA^-e^igj^i6EI 

x#7i^{cm#$n'i)is{t7t^mcD^ 1 iEbvxL 1 m iiEb>xL 

1 Al^tJ^^^^^TRff^. ^ ^ 2mu>XL 2 . ^ 3IEb>XL 3 tiRff^(Db>X 
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. ^2m^>xL2. ig3iEb>xL3 ^w^Tfemi-^^So u > x^m^i- ^ 3 

5 (7)^ 1 jEU>XL U B 2mb>XL 2. ^ 3IEU>XL 3 (D^ 

o:>CCDizXmL%lL<U'0. 7bT. ::i'-7.h(Dmm^i&n-t^Z.tt^^miZtj: 
;^±(^|l 5 (D^B^OHSfe^JlCiJl^T. 0 7 0. 117 HZ^^-tXolZ^ 

1 b-mz A %:mmizLxm^nLtzmm(>mmizmmx^^o mmi>t^ mio^ 
(Dm^ccDm(Dmmm^iz^^:^^xmm^n'ommB:m. tDiDi^^^i^^ju 
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(D^m^^^-tmiimmm. m 2 e i^tm^^i^mnm-. mi 2 ^ ^ 4 0 
A 2 ^mir ^mm^^^ A u ■7T-r>5''-ffl7ts§4 4^w-r'i>7T-r>^'-3fe 

^^4 3. v^-lr>y^-4 5> ■7^>yv^4 6. ?^^^^^-^-4 7^^#^. 
^^7 4 0(D_bgP(oaBM$tl/'cS^-^«y ^-4 5 **¥EE-r'l>.h. -^ntil^Kj LTJi 

f^7^^^.4 1 . m^ifmrnm 1 cD,fs#7t^m^^LT^lf^7:)^*^T^tl■l,o mw^^^ 

^OCCD4 9-C^7t$nfci|^#:#ti. 5 l^/TL. M^mmtL 

fo^LXhJ^i^o *^c. C C D 4 9 l3ft^-9T^i^7 ;U/.^iegL/c|gJt^;t; ^ 

i^b b(D'iki5izi,t^ iEALiEimz^nfzm^mmmmmEizm<mm^^^.b 9*^ 
gHm$n-cl^^o ^ccis. ^^7t^m4 1 :RtJ^7T'f v^s'^-ffl^tiTt^m 5 boa 

^ J; -9 titi^$ ti/cT^ V ^ y ^ 4 0 iftf^T^^^. 4 1 tmm^x/m 
mi 2(Dmxit^ ij^^-m^ib o tLx^n^m^^^m^xi^^ibK 

/ ^° 7 - ^ f # o /-cl/ > X ^ ffl I > T J; I ^ o 
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1 ^ijT-* 7 V^^^ia 2 8 . HI 7 3 . 0 3 0 IZTh^ti^o HI 2 8 7 :3 > 3 

0 0 (D:b /<-=km^^tzmijmnm. mi 3{±m-7:3>3 o o<Dmm^^^s o 3 
(Dmrnm. oitmz s (ov^m(Dmmmr-;$>^o 11128. 073. 0301::^ 

^,-^^^^^5^- 3 0 2 mf^mj^m^prnmom^mm-t^fcibomm^^^z 

0 3 ^^WLTO'l)o ^3-^. ^rz^^— 3 0 2 ti. 0^ L T^ilv^C «y ^7^^ hl::J; 

mmu^Bmfr^m^^-'p. cRTT-vx^'b-T^T-^^T^i/^o */c. m^i. 

^^ 3 0 3 Ci. ^r:.^- 3 0 2 (0:^±.\znm^nx\.^^i}K ^(^^fifft^rPI'^-r. 
^- ^ - 3 0 2 (Dj^H^. 4^-^- K 3 0 1 (DMIH©i*3T*^-:?Tt cfci^^o 
^cDffii^Tt^^. 3 0 3 Ci. ffif^7tS§ 3 0 4 ±tc. ^ 5 cO^B^tc J; 
(lElTnililgiB) ;:)>'^^d:'i)^^i|^b>X 1 1 2 t^ ^^^^ir :bm.^m^'^ \ 6 

2 ^^WLTl^-So ^n^^i/^*7:3 > 3 0 0 till^lc^ tlT (,>'i)o 

Mf^uyXl 1 2(Z)$I^4!^i 1 3 (D^ti^{i:•7>:$' -y ^-eg^feiZi^tiTmOj^t:^ 
SJtg(c;^j:^TO>5/ci6. ti'mi^yXX 1 2 <h^#^^5^.y "7° 1 6 2 (D4J^D'&^^^i- 
J^l-Ci. ^t)L->Xl 1 2 ^{*^-r'l)/ci6(D;(7/^-#7X 1 I 4 ;6^'@Bm$ nTt^ 

-So 

ii#m^^'y-7°l 6 2-e§7lc$tl/ii|^##«. 6 e^^L-r. M-7r3> 

3 0 ^(DmmmzKti^n^ m^is^c^ L-r^^^s^-3 o 2i::^^N$n'?.. m 

2 8(^«. ^(^5 l^ij<h LT. ft^^^(^Jfif^$n/c®{t 3 0 h t^m^ HX\.^ ^ , ^ 

imx^^mm. mzi^ibmxi\zm^\um^mmtmi 4^^^^$tl'&„ 117 4 ( 
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a) «^^aiS 4 0 0(7)IEMgl. 117 4 (b) CitJffigl. HI 7 4 (c) liJl^^t 

^^4 0 5 (Dmrnmr*^^. mi a c a) ~ c c ) iz^^^n^^^ iz^ m^nm 
4 0 oti. m'¥^(o-^^mmtLxAt!-t^-^-f o 1 mm^^o-^^ 

ai;^-r^xtr-;b^M 0 2 mi'¥mtmm^Ati-r^xti9^-^r)V4 o 3 
mi'^m^M'pm.$m^mo)mfmtmmm^m(Dm^^m^^'t^'E^^-A 0 4 

mis 4 0 0 iz-if^m^tixi-^^o 

-#^7;C G>&^M^iJDWt-M'9l^lj-^>n-rli^tJL^>y h 1 6 0 <h LT— #(z:?fM$ 
ti. M^\^>X\ 1 2cD^1^i 1 3 (Dttj^iz:^ >^$^ «y ^-^^i^jiA* n-rmi^'f^it 

o^tg(^^j:oTl^'|./ci6. M^mi^yXl 1 2<hll#m^^'yn 6 2 (Dcf^/L^-a-^o-tJ: 
^J|^b>XM 1 2 ^^^-r^/-ci6(7)*/-^— ir^X 1 1 4 ;&^*gBg$tlTl,> 
*lf^m^^«yy 1 6 2 T^g7t$n/i:i|^##(±. 1 6 6^^UT. El^sLT 
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-0. 3 5 < r ,r/r 2f< - 0 . 08 • ♦ • (61) 

-1. 5 < r ,r/ r 2r< - 0 . 75 • • • (62) 

-0. 3 < r ,r/r 2f<- 0 . 1 ♦ • • (61-1) 

-1. 2 < r ,r/r 2r<- 0 . 8 • • • (62-1) 

/i^2m^-X;?7Xb>X. ^3iEb>X'(D|IE(cgS®$tL. <^(D^{«^^/c-r 
0 . 2 < r zf/r 3f< 3.5 • • • (63) 

[ 4 ] <^(7)^{^5C^MJ£-r'SiI^^#mi:-r'l>Jiie3ie«g(7)|S{t7^^^o 
0. 4 < r r 3r< 2 . 5 • • • (63-1) 

C5] ±mit^h A(Dioint^\miz^\,^x^ ^Acom^^^mtzirzt^Hf^ 

-0.7<f2/'f3<-0.1 ... (64) 

o 
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-0.5<f2/f3<-0.25 (64- 1 ) 

-2. 0< (r3f+r3r)//(r3,-r3r) <0. 8 • • • (65) 

-1. 5< (r3f+r3r)/(r3r-r3r) <0. 5 • • • (65- 1 ) 

1. 2< (r2f+r2r)/(r2f-r2r)<2. 0 • • • (66) 

tztzL^ r 2ftiB 2m^>Xc7)^j^#^flljM(Z)7fe$*±W¥^l. r3rCi^2mu>X 

o 

1. 4< (r2f+r2r)/(r2r-r2r) <1. 8 • • • (66- 1 ) 
[11] ±iB 1 1 0 CD{5Jtl7:)> 1 3S(3fcl>T. H 2mb>X(7)J|^#{|ij(D 

0. 01<| (r2fs+r2fa)/(r2rs-r2f. )-ll<100 

• • • (67) 

tztzL^ r^fs t±|g2^U>X(7)J|^#:#JM(7)^a±tt^4^tl. r zr. ti^2MU 

yx(DmmMm(Dwmm^^f^Lfzmm^'i^(D^(Dyt^^i^mmp^-^^m±&im 

^'i^tommhm^tLtzt^omx-^^. 

0. 1<I (r2,,+r2,.)/(r2fs-r2r«)-l|<10. 0 

• • • (67- 1 ) 
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[13] ±12 1 ^^"^ 1 2 (Di^tit^ 1 mi::^^^X^ ^ 2 M >X(DMiJ©M 

0. 01<| (r2,s+r2ra)/(r2rs-r2ra)-l|<100 

• • • (68) 

0. 05<| (r2rs+r2ra)/'(r2r. - r2r«)-l|<10. 0 

• • • (68- 1 ) 

[15] ±ie \ ^--'b \ 4 (Di^M^ 1 mi^isi^x^ ^ 3 IE u yxcD^i^mo 

0. 01<l (rar, + r3fa)/(r3f. -r3fa)-l|<100 

• • • (69) 

o 

0. 05<| (rsfs + r3ra ) y (r its -rsfa ) -1 l<10 

• • • (69- 1 ) 

[17] ±m\:^^h\ & (Dmtli}^ \mz}5\.^X^ ^ 3 lEb >XO##1odM 

0. 01<| (r3PS+r3ra)/(r3rs-r3ra)-l|<100 

• • • (70) 

tzfzL. Pars itmsiEuyx(DimMm(Dytm±mm^'i^. rara i±m3iEu-> 
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0. 05<| (rsrs + r3ra ) / U - Fsr. )-l l<10 

• • • (70- 1 ) 

c 1 9 ] ±ie 1 *>f> 1 8 (D^M^ 1 m^^is\,^x^ <k(D^i^^^mtzi- c t 

10°<a<40'' (71) 

[2 0] <X(D^i^^^mtz-tzt^nmt^^±m\ Qi^m(D^m^^^ 

o 

15°<a<35° (71- 1 ) 

[2 1] ±ie 1 ;6-'^ 2 0 (OmM^ 1 liiBm(^,1sS{t7t^m<h. ^(DMiJl-SS 
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WHAT WE CLAIMS IS; 

iJT^UyXt^ 2 M b > X . H 3 IE b > X(D 3 1=3?: (Z) b > X;^)^ 9 . 

:t7Xb>X<i;> M[H]0||2Mb>X<h. H 3 IE U >X(D 3 L- >X7^)^ «^ t^j: 0 . 
b > Xe 1 eraentsc7)|mi(*^* 3 * -i>IS{t7t;^m ^m^tzZt h-f 

C 3 ] luiB3tJC(??b>X(7)Mij(3iB$tl/-c^#m^^M^/ci^^!|tM^ 

C4] 3l3c(Db>X^#^#U>X^ 3t3?:(Db>X(::-CJf^|55c$n^ 2 

b- A 2iB«(0Ji{t^M„ 
C 5 ] HuIB 2 -cx^^mL- >X*^'?f^^<7)^7^j;^ 2 0(7)^p^ffi(::i*^ tiTttfiK 

mmM(D^m±^m^m(DmmM^ o ^/h$i>iE#b>X(D^ i iEb>x^. # 

mb>X(D^ 2mb>X^. lEmi/ >X(75|| 3IEb>X(D S^XcDmi^yX:^^^^^^: 

0.30<f,/Ih<0.90 (10) 
-0.75<f2/Ih<-0.1 •••(3) 
0.70<f3/Ih<2.00 (11) 

fztiv. f , \.t%\iEi^yx(DmAwm. fz itrnzn-uyxo^mmm.^ fa 

ti^ 3 IE U > X ^.j^SBH. I h -e ^ o 
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0.1<f./f<0.46 •••(9-3) 
-0.75<f2/f<-0.29 •••(12) 
0.40<f3/'f<0.85 ••• (13) 

fzfzL^ f . i.tm nEi-yxcomj^mm. fz itm2n.i^yx(Dmmm. 
itm ^iEi^yxoM^mm. f it±^.(DmmmT-^^. 

-0. 5< (r2,+ r2r)/(r2f-rzp) <0. 98 • • • (1) 

tztzL^ r 2fi>tm2n.iyyx(o^wmm(D^^±^m^n. v zAtm2nuyx 

0. 0 1 < r ,p/r 2r< 0.7 5 • • • ( 2 ) 

CI 03 <X<0^#iC^ilJ£-r'l.3^^iltm^i-'i>i:7b-A2. 6. 7(7){5i 
1 3liB^a)^#^Mo 

-0.75<f2/Ih<-0.1 •••(3) 
[1 n <X(^)^{^5C^^^1-'l.c:<h^i^^^-r>l.^ U—A 2. 6. 7(^M 
-5.0<f2-3/f<-0.1 •••(4) 
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nip 1 m^m.(om\^mm.o 

-0.8<f2/f3<-0.1 ...(5) 

o 

[13] mUW> 2 m b >X(^!|^MiJ(7>MCi^P^M;6^ ^d: *9 . d^cDm^^^ 

0. 01<l (rzfs + r2fa)/(r2f. - rzra )-l l<100 

• • • (6) 

/c/cU. r2fs 2 >Xc7)i|^#ffliJMl-^^tt^7^li±(Dffi^4^f§. rzra (± 

^) ^<t: L ^ § CO fii-e ^ „ 

0. 01<| (rzps + r2ra )/(r2rs "Tzra ) "1 I<1 00 

• • • (7) 

fzfz\^^ rzrs {im2mb>X(DMiJM(;::fD(t'l.7ttt±(Dffi^^f5. r 2ra \tm 

CI 5] dK(Dm^^^mtzir;it^m^t-t^^\y-i^2^ 7cD'f5in 

10°<a<40° ...(3) 
Cl 6] i^^cD^#iC^^J£-r'l>3.h^#^<h^-i)^b-A2XCi6i5m(D 



0.1<f,Xf<1.2 ...(9) 
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y Xe 1 eraents t!)^* 3 I&l.'C- ^^:Lt t-f ^ it^l^Mo 

-0. 7 5< f 2 /I h<-0. 1 ... (3) 

[18 3 mw\m^h)mz. m^-^m^. m i jEb>x. m2Mi-yx^ m 

3IEU>X(7)|ig(zSeE$tl> ]y y X elements (DB^Xm.lb< ^ 

1 . 5 < d/ ( f • tan 0 ) < 3 . 0 • • • (21) 

;dXlx>X\ ^2mu>X. ^ 3iEU>X(DliE(ziBm$tl. ^X(D^^^^mtzL 
. b >Xelements(Z)imS7:?>' 3 ^XX^^:i t 

-5.0<f2-3/f<-0.5 ••• (22) 

tztzL. f2-3 (im2mi->X^m3iElx>X©^m^;^Sgil. fliilr^f^^;^ 

[203 B^'l.$^0. {i{Mlcdiffi^fS](j-/im 1 IEL->X\ # 

#l(cIH]ffi^lS](t/-cm2Mb>X. ^ 3iEU>Xc©)iIS(:iS2a$n/i$S#7t^^. R 
t>\ ^OMUcgS^n/iliitm^^WL. mjiB$S#7t^l^tciotj-<i, bvXelemen 

[2 1] mmMt^i^. B^^^^o. Miucaffi^iRiij-fc^ 1 iEuvx. -ft 

ffliJ(-IHI®^|Sjl:r/-c||2mt'>X. m3IEb>X(D|iit3BBS$n/-c$S#7t^|^. 
Xf. ^(Dmmizm,^Htzmmm'fi:^L. mtmrn^^mz^l^ ^ U y Xelemen 
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o 

tsO|gt5c^7&^3t5CT-S,D. mtmmyt^^^un-t^uyx^^m^. ^>Vcj:<i: 
hmm^ liEb>X\ ^ 3 lEb >X(D^^(D^KjI|(;i. it^MiJ^M7t$[il(:ija-pX i: -9 

[2 3] !mmMi}^h>^ m^^^D. MiJl^iaM^laJl:)-/;:^ l IEb>X\ -ft 
#Jl3lHlM^|Sll:)-7^c|| 2 Mb >x\ m 3 IE b > X(7)IilI(e:@2S$ nVc|S#7t^.^.. :S. 

So 

[24] m^mi)^hmiz. m^^i^^. miiEvyx^ ^2mi^>x. ^ 

^^mtz L>. i^yXe\ements(Dm^X^i}^S^XX^^Zt^!^ri^t-t^mi^yt^^ 

o 

-5.0<f2-3/f<-0.5 ••• (22) 

tztzL^ f z-z i,tm2M.\yyxtm^iE\yyx(D^i^m}^jm^ fit^^^omj^ 
[25] i^mMt^hmiz. m^^^'o. m i jeuvx. ^2ftb>x\ w 

3IEU>X(Z)Iii{i:iaa$n> 4Vd:< <h:4)^2mu>X{^^^^M^WL. ^^c^J^-f^^ 
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o 

-5.0<f2-3/f<-0.5 ... (22) 

0.2<f,/f3<0.58 ... (23- 1 ) 

/i/cL. f , iEb>X(D:^,jiL£§ll. fs tin 3iEU>X©m;^Sg^-t?S)'l> 

o 

*xi->x\ ^2mb>x. ^ 3iEb>xc7)iiiM(z@eM$n. <^(7)^{«^?i/cu 

. b >Xelements©^t$t^7b-^' 3 IJ^-^^'i* C t ^^^^tir 

0. 1<f,/f<0.55 ... (31) 
tzti\^^ f, tin liEb>X(D^;^SgM. f {i^^<7)^;^{ig|iT-fe^o 

C 2 8 ] ^Wmti-'hmi^^ B^'i>$^0. {tfiJiCffbE^l^tt/c^ 1 lE^ -X 
;t7Xl->X. ^2mu>X. ^ 3iEb>X©|ii(i:geg$n. (^^(^^^{^it^r^/cL 
. U VXelementsCOmJC^*^' 3 ^JCT-fe^ i t ^'^^Wit-T ^^m^^^o 

1. 0< (r.rH-r,p)/(r,f-r,r)<l. 7 . • • (32) 
tztzL.^ r ,fti|g 1 iEL->X(7)^M'J®(^7^^±ffi^^ll. r,rCi^liEU>X 

M'J ® <7) 7t tt ± » ^ -e ^ o 

Xb>X. m2mb>X\ m3iEb>X(7)|i!M{-S2g$ti. ^^co^#it^M/cL. 
b VXelementscDim^T!?-* 3 ^^X^^^ ^.t^W^tir^mt^^^o 

1.0<f,-2/f<4.0 ... (34) 

fc/fL. f .-2 ti^i u>x. ^2 \^yx(D^mmmm. f^t±^.<DmMMm 
C3 0] 'mwmt^himz.^ m^^m.'o. mm^^^\p\\-yfzw>\iE^=-7.iD 
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-0. 2 5< r 2r/r .r<- 0. 01 • • • (36) 

/c/cL. r 2Mb>X(DMiJli(^7t$A±ffi^^tl. r , r (i^ 1 IE b >XO 

tJ##J ffi 3^ldi± ft ^ ^ II ^ ^ o 

[32] mw\m^h)m^^ m^^^'o. mmz.^m^\^^^fzw> i ie^-x 

X U > x\ m 2 M b > x\ m 3 IE b > X (7)|i|Ii::geg$ n/-c$S{t7fe^m. 
^(^M'Jt-SS^n/iJi^m^^^&L. H5iB$S#7¥:^^{3i5tt'l> U>Xelements<D 

:OXU>X\ |g2mu>X\ m 3iEb>Xom(i:iES$n/i:^{t7t^m. :^t>\ 
IBm 1 IE b > X\ ^ 3 IE b > Xa)# ^ o^f /i| J|^#ffliJ*S7feMlcjao* < ct -9 Mi4 

H^^iB^>x#^^H^^iBM^^>6^^1tLTl^'l>^ 

X b > x\ m 2 m b > x\ m 3 IE u > xcom^^^u $ ti/i:$^#7t^i^. 

^<^MiJ(igB$n/;i»#^^^^L. HuiB$S#5t^^l3iJ(j-^ UVXelementsCD 
l«iJ;6^*3*5CT'*0. HiIiBilS{t7t^m^m#-r'i>I/>X#*{i^. WuiB^lIEb 

> X(om'^:^^xmmt^ h^tz t ^ izm^x^ o > mmm 3 ie b > x<D?f^t^;:?^ a 
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. b > X elements (Om^^ti^ 3 t ^W^t^t ^^^%^^o 

-0. 5 5< f 2 /f 3 <-0. 1 ... (41) 

o 

C3 6) tl##J*^'i)i|Ilc. 0^-i>$^O. MiJl^ififfi^lpJlt/c^ 1 IE;^-X 
:i7Xb>X\ mzni^yX^ m3IEU>XO|ii{3g5m$n. <^a)^{«/^M/-cL 
. b >Xe)eraents(D^*5Ci^;6^* 3 |S:T*S)-S ^ t ^!^mt^ ^l^m^^^o 

-2. 0< (r3f+r3r)/(r3f-r3r) <0. 85 • . • (42) 
0.1</33<1.0 ..• (43) 

tztzL^ r ,rf,tmsiEi^yx(Dmwmm(D^m±mm'=^u. r3rii^3iEb>x 

b > XelementsOmXmt^ 3 *5CT** -i. 3 .h ^#^<h Lfz^m^^?ko 

-0. 8< (r3f+r3r) / (r3r-r3r) <0. 1 5 ♦ • • (42- 6 ) 

fztzL^ r ,ri.tm ziEuyx(Dmwmm(Dj^m±&^m^'ii^ r zr^tm^jEi^^x 

C3 8] tl##J:6- -^instil. m^^^K). mmiza%:fS\{^tz^ I JE^ ^Xij 

xu>x\ m2Mb>x. m3iEiy>x(Dmiz^m.^n. <k(D^i^^%:mtzL. 

\y > Xe\ex!.enU(DtWM.t'^ 3 l5i:T-* ^ C ^ h L tzm^^^^o 

0. I<r2r/r3f< 0. 2 3 ... (44- 3 ) 

tztzL^ r 2ri.tm2n.iyyx(ommm(D^m±^m^n. r ,f\,tmziEiyyx(D 
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U > Xe 1 ements(Dm^m^ 3 ISC-e^ ^ c: <h a: L /"cIS^Tt^mo 

-0.15<r,r/r3r<0.35 (45- 2 ) 

/■c/fU r 1 IElx>X©MiJM07t^±ft^^tl. r 3rCi^ 3IEb>X© 

{Cifbffi^lRltj-/c^3IE^^X*Xb> X(D«I{3@H® $ tlT iJ 19 . b > Xe 1 em 

C4 n J|^##J;^>^'^|iit::. B^-S^g^O. MOCidb® 1 JEp* -X 

;?7Xb>X. m2mb>X\ ^3iEb>X©/iilz:SBg^n/c^{t7t^|^. :&t>\ 

^(Dmmizm^ntzmmm^^mL^ Huieis^Tt^j^j^istt-s b>xeiements(D 

;^7Xl/>X\ m2Mb>X\ m 3iEb>X(D|ii(::iBW$n/c:|S#7t^^. ^If^ 
^(Dmmi^n^^ntzmmm'f-^^L. HUiBlg#7^^mt-i5t:^'i. l^VXelements© 

C4 3] 'mmm-^^mi:!-. m^^^Ki^ mmuj^m^\^<<i^tzm i ie^-x 
X > x\ m 2 m u- > x\ m 3 IE u > xojigizseM $ ntz^^m^^^. rxj^ 

mm 1 IE u > x\ n 3 IE b > x©^/? ^wmu^Mnz^^Gi'^^ < ito 

C4 4] tJM'J:6^'^|ii{c. B^-S^^O. ##J(::db®^[p]l^/im 1 lE^-X 

X b > x\ ^ 2 M u > x\ ^ 3 IE u > X(D)iisi^:@em $ n/cis#7^^^.. :&t>\ 
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[4 5] mwmt^^miz^ m^^^<o. Mijuidbs^isjij-Zir^iiE^^x 

-0. 3 5 < r ,r/r 2f< - 0 . 08 ... (gi) 

-1. 5 < r ,r/r 2r<- 0 . 75 • • • (62) 

r 1 IEU>XcD##JM(7)7t||ll±ffi^^^5. r 2 r Ci^ 2 M 1/ > 

i|^'t*#Jffi<^^tt±tt^¥ti. r 2rti^ 2 >Xf7)MiJ®(D7^$i±ffi^^fl-??^ 

-So 

[4 6] :|^Mij:6^^|l||t:i. B^-S^^O^ ^ liEL->X. tl^tJl^aM^I^ 
C^/c^ 2m>^ -X:^X b VX. m 3 iEl- >XO)i|I(c@B®$ 
L . b > Xe 1 emen ts (7) 3 * ^ ^ i ^ t-f ^ ^^^^^o 

0 . 2 < T zt/r 3r< 3 . 5 • • • (63) 

tztz\^^ T zf[±m2n.\yyx(Di^wmm(o%^±.^mm^. r3fCim3iEu>x 

[4 7] ^l^#ffllJ*^'i)l|I^;I. B^^^^O. MiJCifiS^l^lj-fc^ 1 lEUvX 

. ^2mt'>x\ i^3iEb>xcDiii(cgem$ti/i:*s#7t^m. :ei.xi^ "tomiMiz 

[4 8] '^wmi}^i^m{z^ m^^^^. Miji^M^iojij-Zi^ i jeuvx 
. ^ 2 m 1^ > x\ B 3 IE b > X(D)igti:ieg$ ti/cig#7^^^. ^ (ommiz 
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BS$nfcii#ST*WL. Hiii5*S{t7t^mi-*5(J-^ ^>XeleInents<7)^;KI^;6^'3 

o 

. m2Mb>X\ ^3IEb>X(D/ilIt::iBg$ti/-clS#7t^m. ^(omMl^ 
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